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EXECUTIVE SUMMARY

The U.S. petroleum refining industry currently is undergoing some of the most extensive

restructuring in its more than hundred year history, as it struggles to comply with the fuel
reformulation mandates of the 1990 Clean Air Act Amendments (CAAA). These required
changes in refinery opcrauons and gasoline blending present major challenges, as well as
potential market expansion opportunities for the U.S. ethanol industry and for small U.S.
refiners. For this study, the required gasoline formulations in 1995 and 1998 have been
integrated with existing and potential production capacity of gasoline blending stock through the
use of an expanded and regionalized REFORMGAS model. The REFORMGAS model runs
yield a number of trends that will be important for the Biofuels Program and for the future
utilization and pricing of alcohol fuels and alcohol-based ethers.

General Trends in the Gasoline Market 1995 - 2000

1.

Gasoline blending will become increasingly seasonal and regionalized in the period
1995 - 2000, with summertime gasoline in areas of severe ozone problems varying
significantly from wintertime gasoline in terms of volatility, aromatics content, and
oxygenate blending. Whereas formerly gasoline blends were altered seasonally primarily
for reasons of vehicle driveability and regionally for climatic conditions, in the future
gasolines will be produced according to formulas designed to lower carbon monoxide
formation and to reduce levels of ozone, oxides of nitrogen (NO,), and volatile organic
compounds (VOCs).

Gasoline blending will increasingly be dominated by mandated federal and state
reformulation concerns, making the refining and blending process much more complex
than it has been to date. Limits on aromatic levels, olefins content, and volatility
(measured as Reid Vapor Pressure or RVP) will be paramount concerns for refiners, with
olefins and aromatics levels being the limiting constraint in many locations in the

country.

Gasoline refiners have a limited number of short-term reformulation options but a
large number of long-term refinery operation options to meet new gasoline
standards. They can add desirable blendstock (TAME, TAEE, ETBE, MTBE,
alkylate), increasing the size of the pool and diluting existing undesirable components.
They can, in the refining process, remove undesirable components (i.e., benzene),
although this reduces the overall pool volume and creates the problem of finding a
market for the extracted material. Third, they can transform parts of the refinery slate
into new products or blending stock, primarily through the installation of new equipment
(i-e., alkylation or isomerization units). The third approach provides an almost endless
set of output options for the refinery operator, but often requires very large capital
investments and considerable lead time.
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4. In the period 1995 - 2000, the average level of octane in gasoline will rise, due in
large measure to rising use of oxygenates in gasoline as part of CAAA emissions
reduction strategies. The overall U.S. gasoline pool will contain 1.5 - 2.0% oxygen,
even in the summertime, with the upper limits on oxygenate use being mainly concerns
about NO, increases. RVP and levels of aromatics will be the major concerns for
gasoline blenders, particularly in the nine worst ozone areas where reformulated gasoline
is required. The need to reduce aromatics by 25 - 30% by the year 2000 in certain non-
attainment areas will often be the binding constraint for the gasoline refiner.

General Trends in the Use of Ethanol in the Gasoline Market after 1995

1. Starting in 1995, ethanol will have two distinct roles in the U.S. gasoline market:
° splash-blended oxygenate/octane source, and
(] feedstock for the creation of butyl and amy] ethers.

Which of these roles ethanol plays will vary by season and will be highly region-specific largely
dictated by the need to meet increasingly demanding 1990 CAAA gasoline formulation
requirements. : -

2. Concerns about gasoline volatility will severely limit the use of splash-blended
ethanol as a gasoline additive in the summertime, (even with the continuation of the
current ethanol federal tax exemption), unless the current 1.0 pound/square inch (psi)
gasohol waiver is continued — or replaced by some compromise like the Bush
Ethanol/Espy Initiative currently being considered in Congress. At the same time, low
RVP ceilings will increase the desirability to gasoline blenders of ETBE and TAEE.
Without the current 1.0 psi waiver that 10% ethanol/90% gasoline blends receive, the
use of ethanol for summertime splash blending will virtually cease except in areas with
large state subsidies in addition to the existing federal tax exemption.

3. As CAAA mandates become increasingly strict in the period 1995 - 2000, the use of
ethyl and methyl ethers as blending stock will rise very rapidly, limited mainly by the
availability of C4 intermediate products - isobutylenes and isoamylenes from fluidized
catalytic cracking (FCC) units -- that are required for the etherification process.

4, The use of ethanol-based ethers will increase most rapidly in areas with the most
severe summertime ozone pollution problems. In these cases, phase 2 (complex
option) gasoline will most likely be required by the year 2000, and few blending
materials' will provide the low RVP, high octane, and freedom from aromatics that

'Use of the most common oxygenate — Methyl Tertiary Butyl Ether or MTBE - will be
severely limited in many areas because of its blending RVP of 8.0 psi.
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complex option gasoline will require. The demand will be marginally greater when the
ethanol tax exemption is extended to ETBE and TAEE as well.

5. Overall demand for ethanol is expected to grow rapidly in the period 1995 - 2000,
mostly to serve as refinery processing feedstock (See Table ES-1). By 1998,
REFORMGAS estimates that U.S. summertime ethanol demand could reach 97,500 -
148,500 barrels/day or B/D (4.1 - 6.0 million gallons/day) for ether feedstock and
another 5,000 - 8,000 B/D for ethanol splash-blending, while wintertime demand for
ethanol as a splash-blended additive and as a feedstock for ether production could grow
to the range of 103,000 - 133,000 B/D (4.3 - 5.6 million gallons/day). By 1998, this
would require annual U.S. ethanol production of 31 - 45 million barrels/year (1.3 - 1.9
billion gallons/year), or 50-100% above current annual production. At the same time,
ETBE capacity could grow to equal that of MTBE, or 25,000-50,000 B/D by 1998.’

6. These forecasts are based on ethanol availability at current prices including the ($39-
40/B) federal tax exemption. Sharply lower prices (i.e., $25-32/B) for ethanol, such as
those envisioned by the NREL Biofuels program for the late 1990s, would sharply
increase the demand for ethanol for splash-blending and for ether production. The
demand for ethanol-based ethers alone could push ethanol demand to 125,000 B/D or
more.

7. While ethanol-based ethers (ETBE and TAEE) have a number of highly desirable
gasoline blending characteristics that should cause demand to rise rapidly, they still
must compete with less expensive methanol-based ethers (MTBE and TAME) for a
role in the U.S. gasoline blending pool. Therefore, use of ethanol-based ethers can
expand rapidly only to the extent that their blending characteristics outweigh their higher
cost and that FCC feedstock is available for etherification (and not being used for the
production of less expensive blendstocks).

The Impacts of Wide Spread Opt-ins

1. If numerous states chose to "opt-in" in 1995 to the federal phase one (simple)
reformulated gasoline standards, the overall effect could be a major increase in the
use of all oxygenates in gasoline, with the butyl and amyl ethers being in greatest
demand.

?This does not necessarily mean new "greenfield" ETBE plants. It is highly likely that
much of the current and planned MTBE capacity will be reconfigured, at relatively low cost, to
enable refiners to switch between MTBE and ETBE production according to seasonal blending
needs.
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B/D) Winter Summer Average
Padd 1
Ethanol 9-10 0-2 3-5
Ethers 4-6 15-35 10-15
Padd 2 '
Ethanol 15-20 0-1 5-7
Ethers 10-15 15-28 12-20
Padd 3
Ethanol 15-25 5 10-15
Ethers 5-10 - 25-38 15-20 f
Padd 4
Ethanol 5 0 2-3
Ethers 10 7.5 6-8
Padd 5
Ethanol 10 0 24
Ethers 20-25 35-40 20-30
Totals
Ethanol 54-70 5-8 22-34
Ethers 49-66 97.5-148.5 63-93

* These annual averages are based on slack demands in the spring and fall seasons, when
concerns about emissions and RVP are reduced. The ranges for winter and summer demands
reflect both the uncertainty over such facets of the CAAA as opt-ins and spillover as well as the

effects of the tax treatment of ethanol as a blend and in ethers.
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If more than a few small states chose to adopt the stricter-than-federal California gasoline
standards, the U.S. refining system will be unable, in the near-term, to supply all the
needed California standard gasoline with the U.S. refining system projected to exist for
the 1995 - 1997 time period. In the short-term, imports of finished gasoline would
probably rise sharply. In order to meet these specifications, refiners may be forced not
to make incremental changes to existing refineries but to drastically restructure refining
operations to create very low volatility/low aromatic base gasoline. Once this new
refining capacity is in place in the period 1998 - 2000, new opportunities for the use of
ethanol as an octane enhancer/oxygenate may arise.

The existence of a substantial domestic ETBE and/or TAEE production capacity by 1998
would reduce or eliminate much of the need to import finished gasolines and would
reduce U.S. import dependence.

Federal Tax Incentives and the Use of Ethanol and Ethanol-Based Ethers in Gasoline

1.

Biomass-based ethanol which is blended into gasoline currently receives an effective
federal tax exemption of $0.54/gallon. There is consideration of extending this favorable
tax exemption to ethers derived from ethanol. REFORMGAS sensitivity analyses show
that there will be substantial demand for ETBE even if the ethanol subsidy is eliminated
across the board. The ethanol federal subsidy of $0.54/gallon or $22.68/barrel, after
allowing for inefficiencies in the catalytic etherification process, would amount to
approximately $8.19/barrel for ETBE.

Even when this proposed subsidy is not applied, the REFORMGAS model projects that
there could be substantial summertime demand for ETBE by 1998 in both PADDs II and
III. This is particularly true whenever low RVP levels have to be achieved and where
the source of cheap octane (heavy aromatics) are severely constrained. In the 1998
summertime complex model case, where the level of aromatics has to be sharply reduced
from 1990 standards, REFORMGAS predicts that even without the ethanol subsidy the
demand for ETBE could reach as much as 27,000 B/D in PADD II and another 40,000
B/D of ETBE and 33,000 B/D of TAEE in PADD III. Wide-spread opt-ins would
further increase these figures.

RVP Waiver for Ethanol

The RVP waiver is central to the continued use of ethanol as a splash-blending agent, but

not to the continued use of ethanol in gasoline. Eliminating the RVP waiver (but maintaining
the ethanol subsidy) would have the effect of sharply increased use of other oxygenates,
including ETBE.
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Amyl vs. Methyl Ethers

Amyl ethers (TAME and TAEE) have characteristics that make them somewhat more
attractive than butyl ethers (ETBE and MTBE) as gasoline blending compounds. They have very
low blending RVPs (close to O in the case of TAEE), high octane, and high boiling points
(which make them very useful for the dilution of high boiling point compounds such as benzene.
Amyl ethers are not yet produced in major commercial quantities, but the technology for doing
so is commercially available. If the prices for the two sets of ethers are approximately equal,
then demand could shift in favor of the amyl ethers, particularly in circumstances where the
CAAA restrictions are particularly severe toward volatile organic compounds (VOCs),
aromatics, and RVP,

However, while it is relatively easy and inexpensive to build capacity that can readily
switch between MTBE and ETRBE, the same is ot true for switching between butyl (MTBE,
ETBE) and amyl (TAME, TAEE) ethers. Amyl ether capacity will have to be built new, at
considerable expense.
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1.0 Introduction

The passage of the 1990 Clean Air Act Amendments (CAAA) marked a major changc
in the regulatory approach of the United States federal government in lowering air emissions
from mobile sources. Whereas previous federal air quality legxslanon had focused on
lowering the release of pollutants through the setting of tailpipe emissions standards (this
requiring major changes in vehicle emissions control technologies), the CAAA focused on
regulating the composition of fuels sold in the areas not in compliance with National
Ambient Air Quality Standards. The most vexing problem was that of ground-level ozone,
which occurs in dangerous levels when sunshine serves as a powerful catalyst in the presence
of certain ozone precursors, chieﬂy volatile organic compounds (VOCs) and oxides of
nitrogen (NO,). For the most serious ozone non-attainment areas, the CAAA mandated that
states within which these non-attainment areas are located must adopt "reformulated” gasoline
during peak summertime ozone periods and provided specific guidance on what the
composition of reformulated gasoline should be. This is to be done in two phases, which go
into effect in 1996 and 2000 respectively. States that have moderate ozone non-attainment
areas are also permitted, under the CAAA, to petition the Environmental Protection Agency
(EPA) to "opt-in" to the reformulated gasoline standards. California was considered a
special case, since it had already enacted an aggressive program requiring reformulated fuels
and low or zero emissions vehicles, and so is allowed to have fuel standards (henceforth
California specifications or California standards) that are more restrictive than the federal
standards. The major differences between 1990 industry standard gasoline, phase I and
phase II reformulated gasoline, and California reformulated gasoline are shown in Table 1-1
below.

To meet these specifications, U.S. petroleum refiners and blenders are engaged in an
unprecedented level of capital investment, refinery modification, and experimentation with
new blending components. Of particular concern to gasoline producers and blenders is the
need to simultaneously add oxygen, reduce volatility (as measured by the fuel’s Reid Vapor
Pressure or RVP), and remove benzene and aromatics, while maintaining octane ratings and
vehicle driveability. Initially there were major questions raised as to whether it would be
possible to supply the blending ingredients required prior to 1995, with particular attention
paid to the availability of oxygenates®, but these have receded in the face of the successful
initiative of the 1992 wintertime oxygenated fuels program in carbon monoxide non-
attainment areas.

4 Refer to the National Petroleum Council, ing in the 1 . Meeting th
Challenges of the Clean Air Act, June 1991. This influential study relied on extensive

inter\(iews with petroleum corporation managers to reach composite predictions that oxygenate
supplies would be tight but adequate in 1995, and would then loosen as new productive capacity
was added in the mid and late 1990s.
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In mid-1990, prior to the passage of the CAAA, the Biofuels Systems Division of the
U.S. Department of Energy commissioned Meridian Corporation to begin examining the
impacts of proposed gasoline reformulation on the market for oxygenates and on the U.S.
petroleum

Oxygenated Phase I Gasoline

Gasoline Reformulation Reformulation

Pollutant Controlled Carbon Dioxide Ozone Ozone
(CO)
Applies to What Serious or moderate Severe or extreme Severe or extreme
Areas? non-attainment areas | non-attainment areas non-attainment
areas

Start-up Date Oct-Dec 1, 1992 Jan 1, 1995 Jan 1, 2000
Mandated Gasoline 2.7% or greater at least 2.0% by at least 2.0% by
Oxygen Content weight year-round weight year-round
Volatility (RVP) N/A 8.1 psi maximum | 8.1 psi maximum
Upper Limit during
control period
Allowable Benzene N/A No more than 1% No more than 1%
Content 0.95% average 0.95% average
Allowable Heavy N/A 0% 0%
Metals Content (Jan 1, 1996) |
% of Aromatic N/A 26.2% maximum Will be published
Hydrocarbons and 25% pool by EPA
Content average December, 1993
Decrease in N/A 15% 25%
Aromatic HCs &
Olefins Emissions
from 1990 Industry
Average '

N/A = Not Applicable

refining sector. The result was the development of the Refinery Environmental Formulation
Optimization Requirements Model or REFORM, a linear optimization model that developed
least cost solutions for the 1995 U.S. national gasoline pool that met the CAAA gasoline
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formulation requirements. While very useful for examining the national requirements for
oxygenates, looking at the impacts for various proposed gasoline formulations, and for
predicting the resulting wholesale gasoline price increases, the REFORM model was
designed specifically to be a national model.

However, after the implementation and rule-making for the CAAA had begun, it
became apparent that many of the most interesting analytical questions, and most of the
serious potential oxygenate shortages, would occur at the state or regional level. Refineries,
pipelines, and blending stock production facilities are not distributed evenly across the United
States, creating infrastructure issues. Fuel demand and vehicle miles traveled is also growing
at different rates in different states and regions. State govemments were required by the
CAAA to develop state implementation plans for the achievement of clean air standards, and
their responses were often dominant considerations in the need for reformulated gasoline.
The clearest example is California, with its large gasoline demand, high levels of ozone
pollution, plans for stricter-than-federal fuel formulation, and lack of infrastructure
connection with other U.S. petroleum districts. PADD V (the West Coast), also appeared to
have more serious oxygenate supply issues, particularly if urban areas outside California
opted in to reformulated gasoline standards. Therefore, the REFORM model was
transformed into a partially regionalized model called REFORMGAS?®, which included
detailed modules for PADD V (the West Coast) and PADD I (the East Coast). It was the
results of this analysis® that pointed out the potentially important role to be played by ETBE
and other ethers’ with low blending vapor pressures.

Ethers are a particularly attractive form of gasoline blending component because

L they can be created in refineries using existing feedstocks,
L] are oxygenated,
° have relatively low blending vapor pressures and high octanes, and

* REFORMGAS stands for REfinery Formulation Qptimization Required for Manufacturing
GASoline. There are winter and summer versions of the model for the years 1995 and 2000,
and modules for each of the key Petroleum Administration for Defense District or PADD.

¢ See Donald I. Hertzmark and John H. Ashworth, "Difficulty in Meeting Clean Air Act
Amendments,” Fuel Reformulation, March/April 1992, pp. 25 - 30.

7 ETBE is Ethyl Tertiary Butyl Ether, and it is created by the catalytic combination of
ethanol and isobutane. Other key ethers are MTBE (Methyl Tertiary Butyl Ether), TAME
(Tertiary Amyl Methyl Ether), and TAEE (Tertiary Amyl Ethyl Ether). For an examination of
the performance and chemical characteristics of ETBE vs MTBE and other oxygenates, see
Tshiteya, Vermiglio and Tice, Properties of Alcohol Transportation Fuels; Alcohol Fuels
Reference Work #1 (Alexandria, VA.: Meridian Corporation for the DOE Biofuels Systems
Division, May 1991), Section 9.

Meridian Corporation page 3



o produce a finished gasoline which can be shipped and stored in existing pipelines and
tankfarms.

In addition, because of the volumes required to reach 2.0 or 2.7% oxygen, certa@n ether§
would, by dilution, significantly reduce the levels of other controlled substances in gasoline
such as toxics and sulfur.

Based on results reported in 1992 of the partially regionalized REFORMGAS
analysis, NREL tasked Meridian Corporation to develop the analytic capability to "examine
the national market for ETBE and other oxygenates and to determine regional production of
oxygenates to meet these requirements.” Based on discussions with NREL and DOE staff, it
was determined that in revising the REFORM model, particular attention should be paid to
five oxygenates: ethanol, the two key butyl ethers (MTBE and ETBE) and the two amyl
ethers (TAME and TAEE). NREL instructed Meridian to complete the regionalization of the
REFORMGAS model, by developing "regional modules for PADDs 2 and 3, which currently
serve as suppliers of finished gasoline and other petroleum products for PADDs 1 and 5.

The subcontractor shall create finished modules for PADDs 2 and 3, and would link them to
the existing modules for PADDs 1 and 5. Further detail would be added into the models so
that they can now differentiate between foreign sources (i.e., Venezuela) and movements
from other PADDs." The model development activities are reported in Section 2. The
results of model runs and subsequent analysis are reported in Sections 4 and 5 below.
Appendices A-D contain summary sheets of various REFORMGAS runs and sensitivity
analyses.

In addition to this analytic task, NREL also asked that Meridian Corporation briefly
examine "possible configurations, using ETBE and other oxygenates, that will allow small
refiners to continue operating as producers of final products.” With the passage of the Clean
Air Act Amendments, there had been expressed concern that the large capital investments
required to upgrade existing refineries might be beyond the means of older small U.S.
refiners, and they might be forced to either become only wholesale suppliers of blending
materials to larger refiners or go out of business. Because of the low vapor pressure and the
oxygen content of ethers such as ETBE, they have been seen as major potential options for
smaller refineries striving to meet fuel reformulation mandates. Section 6 examines options
for small refiners and the role of ETBE and other ethers.

Lastly, Section 7 provides a number of suggestions for future analysis and model
development. As state responses to the CAAA become more clear, and as more states
indicate their interest in opting in to the federal reformulated gasoline standards, the regional
and national impacts can be determined with greater clarity. In addition, this regional
analysis can also be helpful in determining geographic areas where future demand would be
sufficient to support major production facilities for ethanol, ETBE, and/or TAEE, and would
assist NREL/DOE in their search for industrial partners for scale-up facilities for ethanol
production.
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2.0 Model Development Activities for this Report
2.1  Creation of PADD II and PADD IIlI modules

The primary modeling activity covered by this report was to develop REFORMGAS
modules for PADDs II and I1I. Extending the REFORMGAS modeling to the two central
petroleum districts presented special problems and concerns. PADD II, covering the
Midwest and Mississippi Valley, is a major refiner and producer of oil and oil products. At
the same time, that PADD imports a significant volume of gasoline from PADD III, the Gulf
Coast region. In addition, about half the crude oil in PADD II comes from PADD III.
PADD II is also a significant trader of crude oil with Canada. PADD III is the major
refining center in the country and exports most of the gasoline used in PADD I, the East
Coast. As a result, it is crucial to keep careful track of where the gasoline from PADD III is
destined. _

2.2  The Development of the Complex Options

Gasoline to be sold in non-attainments areas in the period 1995 - 1996 are being
evaluated under the EPA "simple” model, which is currently available. After this period, a
complex model still under development will be used. For gasoline sold in ozone non-
attainment areas that are still not in compliance by 1998 with National Ambient Air Quality
Standards, there will be additional requirements to introduce a (phase 2) reformulated
gasoline that will further reduce the level of volatile organic compounds (VOCs) in gasoline.
The specifications for Phase i and Phase 2 reformulated gasoline are provided in Table 1-1.
This additional requirement, coupled with other mandated gasoline requirements, have been
incorporated within REFORMGAS into a 1998 "complex” scenario, which is provided for
the work undertaken for PADDs II and III in this report.

2.3  Options for Refinery Improvements

In the current work, one of the key issues has been the location of expected refinery
improvements. Given the need to increase the supply of oxygenated, low VOC gasoline in
PADD II, will the investments in refining capacity take place in that PADD’s refineries or in
PADD III, the main refining center of the country? A number of alternatives were
examined, consistent with both the announced refinery upgrading projects and the
commercial and logistical realities of the gasoline markets.

These alternatives include the following:
/ Additional ether capacity;

v Use of FCC unit catalysts that provide olefin-rich streams for ether and alkylation
units;
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" Increased alkylation capacity; and
Pretreatment of reformer feedstocks to reduce benzene precursors and aromatics.

NS

2.4 Addition of Amyl Ethers

Based on earlier REFORM and REFORMGAS model results with PADDs III, V and
1, it was decided to include the amyl ethers, TAME and TAEE, in the current REFORMGAS
modeling effort. These ethers use different olefin streams from the butyl ethers, MTBE and
ETBE, and appear to be compatible with new catalysts that allow FCC units to coexist more
readily and profitably with etherification and alkylation units. Adding the amyl ethers also
extends the usefulness of methanol since TAME has a lower blending vapor pressure than
does MTBE. In addition, the section of the model that computes shadow prices was
enhanced so that shadow prices for both capacity additions (more ether production, for
example) and for the product itself would be computed.

As in earlier versions of the REFORM and REFORMGAS models, each of the five
U.S. PADD:s is subdivided into airsheds so that the severity of gasoline standards can be
modified readily and realistically. The gasoline demand levels are consistent with DOE
predictions of gasoline demand. in the year of analysis (1995 or 1998).

The models for PADDs II and III are connected through both the imports of refined
products into PADD I from PADD III and the imports of crude oil. Thus it is the
distillation model, not the gasoline blending model, that provides consistency of the data
among the various PADDs.

In the future it may be useful to subdivide the models of PADDs II and III in a
manner consistent with DOE/Energy Information Administration’s own PADD
subdivisions. For PADD I, this subdivision would enable the analyst to segregate the
regions that are dependent on trade with Canada from those that depend on PADD III.
Similarly, it will be useful for separating the markets for gasohol blends in Winter from
areas that will be using ethers for oxygen.
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3.0 Key Overall Trends in Gasoline Refining, 1994 - 2000

Gasoline blending will become increasingly seasonal and regionalized in the period
1995 - 2000, with summertime gasoline in areas of severe ozone problems varying
significantly from wintertime gasoline in terms of volatility, aromatics content, and
oxygenate blending. Whereas formerly gasoline blends were altered seasonally primarily for
reasons of vehicle driveability and regionally for climatic conditions, now gasolines will be
produced according to formulas designed to lower carbon mornoxide formation, reduce levels
of ozone, oxides of nitrogen (NO,), and volatile organic compounds (VOCs).

Gasoline blending will increasingly be dominated by mandated federal and state
reformulation concerns, making the refining and blending process much more complex than
it has been to date. Limits on aromatic levels and volatility will be paramount concerns for
refiners, with aromatics levels being the limiting constraint in many locations in the country.
Under the Simple Option (Phase 1 reformulated gasoline) of the CAAA, affected areas must
use oxygenated fuel in the Winter and relatively non-volatile fuel in the Summer. The
Complex Option (Phase 2 reformulated gasoline) mandates more stringent reductions in
Summer gasoline volatility. For both PADDs, different implementations of the Complex
Option were assessed in the analysis for this report. These options included varying degrees
of opting-in and different availabilities of compliant blendstocks.

Winter gasoline generally requires far less reformulation than does the Summer
gasoline. Essentially, the addition of ethanol or an ether up to the volume required for
meeting the oxygen target will require only that some reformate and FCC naphtha be
removed from the fuel stream.® Key considerations of aromatics levels, RVP, and increased
Summer gasoline demand are factors which make the focus on Summer blends appropriate.

Several features about the post-CAAA gasoline market are already clear, and they are
largely independent of whether or not emerging oxygenates (such as ETBE and the amyl
ethers TAME and TAEE) are produced in large quantities:

L More octane will be available, on average, as 85 - 90 octane materials are replacéd by
or converted in part to blend stock of more than 100 octane.

¥ For example, butane, long a low cost octane enhancer, easily blended and stable during
shipment, is essentially unusable in summer blends due to its high blending RVP. However,
butane will still be used in the Winter blends.
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° The gasoline pool will contain about 1.5 - 2% oxygen, even in summer months since
ethers are the only blending components with low volatility that allow refiners to
simultaneously reach a number of key objectives.’

o Pre-treatment of reformer feeds (naphthas) to remove benzene precursors will be
required to keep these materials in the gasoline pool at levels approximating their
traditional historic values.

L Of the key gasoline characteristics — RVP and levels of aromatics and olefins content
— it will be the aromatics and olefins levels that will be more crucial in determining
which additives will be required to meet future blending requirements.

o Research octane (RON) will be a binding determinant of gasoline quality, as it was in
the REFORMGAS simulation runs used for this analysis.

':’ Heavy reformates contain high aromatic levels, which means that they must be used
sparingly despite their higher octane and low RVPs.
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4.0 Summer Gasoline Findings

4.1 National and Regional Base Case Blending Results

By the mid-1990s the U.S. gasoline pool will have made several important compositional
changes. These changes reflect 1990 CAAA decisions about gasoline and air quality. The
most important of these changes are the following:

High levels of oxygenates;

High levels of alkylates - up to 15-20% of the Summer pool;

Reduced use of reformates and FCC naphthas due to benzene and VOC problems; and
Reduced use of normal Butane due to RVP problems.

The tables in this section outline the 1996-97 gasoline pool without consideration of the
Complex Option implementation of the Clean Air Act Amendments. This Base Case
represents just the aggregate national gasoline blends that will be required including
attainment and non-attainment areas.

Base Case for Late 1990s
The reformulation requirements of the 1990 Clean Air Act will lead to some significant

changes in the composition of the gasoline pool. In particular, the following changes are
either under way or will be implemented shortly:

o Reformate will be subjected to benzene removal. Reforming severity will decline in
summer to reduce aromatics content. Octane will fall as a result of reduced severity.
The proportion of reformate in the pool, as well as absolute levels of reformate used,
will fall from current levels;

° Catalytic cracked naphthas will fall slightly as a proportion of the remaining gasoline
pool while the composition of the cracked naphthas will change by season and also by
regulatory regime;

o If olefins are more strictly controlled than is currently expected, then light Fluidized
Catalytic Cracked Naphthas (FCCNSs), which are comprised of more than 40%
olefins, will be used as feedstocks for other processes, including alkylation and
etherification;

. 10 Reduced reforming severity will reduce C, output along with octane. With C, demand
in such other refinery operations as alkylation going up, this decline in reforming represents a
potential refinery bottleneck.
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o If aromatics continue to be seen as the prime hazard in fuels, then heavy cracked
naphthas, with 60% aromatics will be "deselected” catalytically;

® Other naphthas should rise to 5-7% of the pool but will not increase much in absolute
terms;

. Alkylates will be in great demand, particularly in summer when their combinati'on of
good octane and low levels of aromatics, olefins, and benzene makes the material

relatively more valuable;

L Oxygenates and ethers should rise to about 10% of the gasoline pool as demand rises
not only for oxygen but also for the low benzene, aromatics, and olefins levels that
characterize oxygenates and ethers. Ethanol blending for gasohol will be restricted
during the summer by the effects of ethanol on vapor pressure, even with the one
pound RVP waiver for ethanol blends;

° Butanes will continue to be attractive during the winter but their high blending RVPs
will drive summer use close to zero; and

° Imports of gasoline are expected to rise sharply, to around 7-10% of the pool, as
some refiners choose to shut down rather than spend the funds necessary to comply
with the Clean Air Act."

To get a better idea of just how the CAAA will change the gasoline pool in the late
1990s, Meridian analysts have constructed a Least-Cost Base Case for the winter and
summer gasoline pools for that period. These cases were designed to examine what
components the gasoline market would demand based solely on cost and physical
characteristics. Therefore, they exclude the current ethanol tax exemption and RVP waiver.
They include some but not all of the changes required by the 1990 CAAA. The major
difference between the Base Case and the Simple Option (which includes all the changes
required for 1995 Phase 1 reformulated gasoline) is that the RVP and the level of aromatics
are higher than allowed under the CAAA. However, the base case does include the
approximate levels of fuel constituents that gasoline refiners recommended in 1990 as being
appropriate for major emissions reductions at the lowest possible cost. These cases are
national and do not show the particular gasolines that will be used in such airsheds as the

' For some smaller refiners, their current refinery configuration might not have sufficient
upgrading capability to permit the addition of alkylation units. As a result, these refiners might
be forced to sell their gasoline output to larger refiners as an intermediate blending component.
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South Coast Basin of California in high summer.”? Another caveat regarding the

REFORMGAS results is that the model shows what is required to achieve a solution - i.e.,
the type of gasoline that will satisfy both quality and environmental constraint§ - at the.
requisite volumes. However, it is not certain that sufficient conversion capacity, especially

for alkylates and ethers, can be constructed, particularly in PADD V, where summer

standards for vapor pressure and volatility may be the most stringent. Table 4-1 below
shows the major components of the pool in the late 1990s for both the summer and winter

base cases.

Component

Reformate

Catalytic Naphtha (FCCN)
Other Naphthas

Alkylate

Oxygenates

Butane

Imports

10
35
10

Note: Figures may not add to 100 due to rounding.

During the winter, refiners must shift the operation of catalytic cracking units to meet
the demand for distillate fuel oil. Thus the FCCN component of the pool will fall during the
winter, especially in light of the large volumetric contribution required from ethers.and

oxygenates. '

2 The REFORM model does base the average figures used on the general types of gasolines
that are required in each region of the country. For the gasolines particular to an airshed, less

highly aggregated versions of REFORM must be used.

¥ Demand for reformate rises due in part to the need for additional hydrogen inside the

refinery to desulphurize middle distillates and fuel oils.
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The base case crude oil price for this analysis is in the middle range of current predictions for |
that commodity in the late 1990s at $23.55/barrel for West Texas Intermediate (WTI), the
NYMEX marker crude.*

4.2 1995 Simple Option Results
ional i iti

The CAAA "Simple” (Phase One reformulated gasoline) option achieves a gasoline pool
similar to the Base Case. As shown in Table 4-2, the only real difference between the two is
the control over summer levels of VOCs in the Simple Option. The Winter blend under the
Simple Option is the same as that in the Base Case, and so is not shown in Table 4-2. In the
Simple Option, no ethanol is used in the summer gasoline without tax and RVP incentives. The
second column shows the effects of the incentives on the demand for various blending
components under the Simple Option if there is no oxygen content ceiling.

Proportion of Gasoline Pool
| (%)
Component Summer Summer with
Without Tax Tax and RVP
and RVP Waivers
Waivers
ir {
Reformate 23 15
Catalytic Naphtha (FCCN) 24 28
Other Naphthas 11 19
Alkylate 17 11
Oxygenates 11 22
Butane ‘ 2
Imports 10

Note: Figures may not add to 100 due to rounding.

¥ With WTI at $23.55/bbl, Arab light would be landed at the U.S Gulf Coast at about
$22-23/bbl while Alaska North Slope crude would be landed at the Gulf for just over $19/bbl.
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As Table 4-2 shows, if the current 3.7% oxygen content ceiling is not imposed on the
gasoline pool to prevent increased NO, output, the federal tax exemption and the 1.0 psi waiver
would change the composition of the gasoline pool more dramatically than that realized in 1995
under the base case prior to the 1995 implementation of the CAAA. In particular, the market
for reformate is virtually eliminated except for the "Lite" version.’* The high octane level of
ethanol in blends generally reduces greatly the demand for other octane boosters including butane
and alkylate. Without an oxygen content ceiling, ethanol would be blended at above 10% levels
in most attainment areas, replacing imported gasolines. However, the resulting gasoline pool
would be over 5% oxygen (wt.), which would clearly violate the 1990 CAAA injunction that
NO, levels are not allowed to increase. No consideration is given to driveability probiems that
may arise from the high level of O,.

PADD III: r Simpl ion’¢

In PADD III the Simple Option requires a significant reformulation of the gasoline
supply. In particular, refiners will need to make virtually all of their oxygenate investments just
to meet the 1995-1996 gasoline pool standards. Reduced RVP, together with low levels of
VOCs, limits refiners’ abilities to use many of the reformed and cracked naphtha fractions. The
combination of climate and limited blending options combines to produce a gasoline pool that
varies little from the ethanol subsidy case to the free-market case. Table 4-3 below shows the
cases with and without subsidies/waivers for gasoline composition in PADD IIl. The subsidy
causes refiners to blend slightly more oxygenates and the fuel cost is about $0.30/B less than
without the subsidy.

4.3 1998 Complex Option Results
National- lin

The Complex Option will require that the entire gasoline pool go through some degree
of reformulation. Two of the key ingredients, reformate and cracked naphthas, will emerge with
fewer VOCs and octane than previously. With investments in reducing the emissivity of
standard components of the pool, fewer alkylates and oxygenates will be required for the entire
Summer season.

15 *Lite" reformate is low severity reformate. By pre-treating reformer feed, the output will
have reduced levels of aromatics, benzene and octane.

'* In the REFORMGAS PADD III module, the system is forced to accept nominal volumes
of Butane and toluene/xylene in the Summer. The 200 b/d hardly affects the overall emissivity
of the fuels and the exercise was done to obtain shadow prices for valuing reductions in the use
of such components.
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1996:1997:Gasoliné Pool; PADD T |

Proportion of Gasoline Pool
Component (%)

Summer without Summer with
Tax and RVP Tax and RVP

M
Reformate 28 29
Catalytic Naphtha (FCCN) 21 21
Other Naphthas -12 12
Alkylate 19 19
Oxygenates 9 10
Butane 0.07 0.07
Imports : 11 9

Note: Figures may not add to 100 due to rounding.

The Complex Option requires less addition of higher octane material to achieve market
specifications. The main effect of the subsidies to ethanol under the Complex Option is to shift
additional demand to ethyl ethers (ETBE and TAEE) (see Table 4-4). The use of the low RVP
and low VOC ethyl ethers allows the use of more reformed and cracked naphthas, while
maintaining pool quality. The reader should note that the demand for gasoline exports from
PADD III to both PADDs I and II are additional to this output.

4.4 Demand for ETBE and TAEE under Differing Scenarios
National Level

At the national level, the demand for the ethyl ethers is largely for ETBE in the period
prior to 2000. Several of the simulations using the amyl ether, TAEE, were undertaken as a
means of assessing the potential marketability of that product. The national level simulations
determined the maximum demand for ethyl ethers by limiting the volume of MTBE that is
available to that which will be produced in the U.S. by 1998. The MTBE produced abroad is
expected to be used to meet environmental mandates in other countries. As much as 450,000
B/D of ethyl ethers, about 6% of the gasoline pool, could be used to meet the Summer gasoline
pool reformulation, were supply to be sufficient. Demand at that level is induced by the tax
exemption and the RVP waiver for ethanol and ethanol blends. About 200,000 B/D of ethanol
would be required to meet such a demand for ethyl ethers.
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Proportion of Gasoline Pool
- (%)

Summer Summer with
Without Tax Tax Exemption

Exemption and and RVP

RVP Waivers Waivers
= e~
Reformate 25 31
Catalytic Naphtha (FCCN) 27 26
Other Naphthas 9 9
Alkylate 13 13
Oxygenates
Butane
Imports

Note: Figures may not add to 100 due to rounding.

Note: In undertaking the runs described below, it was important to develop both shadow
prices (the value to the gasoline pool for an additional barrel of an ingredient) and demand
levels. Shadow prices only occur when demand exceeds supply — i.e., when the product is at
its upper or lower bound. Therefore, the capacity to provide a commodity, such as ethanol,
ETBE, or TAEE, has been set just slightly below what the gasoline demands -- thereby
producing a shadow price.

‘Without sufficient ethanol supplies, or without the subsidies, other means would be
required to meet the demand for low emissivity fuels. MTBE would be the big gainer. U.S.
demand for that ether would rise by almost 300,000 B/D in the least cost scenario. Barring
imports or domestic production of MTBE at levels of 450-475,000 B/D, imports of finished
gasoline must rise to about 14-15% of the overall Summer pool to meet emissions
specifications, !’ '

" Alkylate could satisfy much, but not all, of this demand given sufficient investment in
alkylation units and in feedstock production. However, alkylates do not have a low enough
blending RVP to eliminate the need for ethers.
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PADD III Demand
Simple Option:

In the Simple Option case, about 43,000 B/D of ethyl ethers will be required in 1995-96.
Almost two thirds of this total is ETBE. Demand for the ethyl ethers will rise slightly with the
federal tax exemption for ethanol. However, the Simple Option does not require the level of
reformulation which would result in the demand for ethyl ethers above 3-4% of the pool. ‘

Complex Option:

With the need to further reformulate the PADD III pool, the demand for ethers increases
to 74,000 B/D, about 6% of the pool. More than half of the total ethers are ethanol-based,
requiring greater than 30,000 B/D of ethanol to meet this demand. This demand is at the upper
limit of ether capacity so that the tax exemption does not affect demand.

Complex Option/California Standards:

Sensitivity analyses were undertaken to examine the impacts of the adoption of the
stricter-than-federal California gasoline specifications, and the results of those REFORMGAS
runs are reported in Appendix C. About 80,000 B/D of ethyl ethers are needed to meet the
requirements of the high opt-in summer pool. At this level the relative tax treatment of ethanol
is of little importance. The demand for the ethyl ethers is due largely to the need to meet very
low RVP levels, unattainable using methyl ethers.

Exports from PADD III to PADDs I and II:

Two types of gasoline are exported to PADD II. The first is a slightly reformulated
blend with compliant levels of RVP, benzene, etc. The second is intended to be used to bring
other gasoline streams into compliance and beats the relevant specifications on the main criteria
of RVP, octane and VOCs. This latter blend is about 400-425,000 B/D and contains about 20-
30% alkylate.

The ethers contained in the 700,000 B/D of standard gasoline exported to PADD II will
be mostly MTBE, unless higher levels of ethanol production combine with favorable tax
treatment to increase the use of ethyl ethers. Climate also plays a role since the peak pollution
season in PADD II is shorter in the northern part of the district than it is along the East Coast
and in PADD V. However, strong incentives to blend ethyl ethers could make some difference
in the gasoline blend that goes to PADD II. Of the 1.2 million B/D of exports to PADD II,
about 400,000 B/D is likely to contain ethyl, rather than methyl ethers. This could mean as
much as 25,000 B/D of ethyl ethers for the high compliance gasoline. Such a blend would
require as much as 9-10,000 B/D of ethanol.
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Some ethyl ethers will be needed for the PADD III exports to PADD 1. That region
contains several cities with significant ozone problems in the summer that will call for very low
RVP fuels. However, with sufficient time and investment, refiners can furnish an alkylate-rich
fuel (20-30%), in their exports to PADD I, that will use little oxygenate. For the summer
period simulations, we have found that a gasoline that is similar to the PADD V high summer
blend along with another, more volatile gasoline for current attainment areas, will allow refiners

to meet the standards.

PADD I
Simple Option:

In the Simple Option case, about 22,000 B/D of ethyl ethers will be required in 1995-96.
All of this total is ETBE. Demand for the ethyl ethers is not affected by the tax exemption for
ethanol. However, the Simple Option does not require the level of reformulation that gets the
demand for ethyl ethers above 3-4% of the pool. Moreover, PADD II receives 1.1-1.2 million
B/D of oxygenated gasoline from PADD III. Of these imports, about 40% is the highly
reformulated blend that is needed in the non-attainment areas such as Chicago and St. Louis.
The remainder of the imports will go to areas that are currently in compliance with the CAAA
mandates for ozone. The reformulation of these latter gasolines is designed to keep these areas
in compliance, not to reduce emissions from their current levels.

Complex Option:

With the need for further reformulation of the PADD II pool, the demand for ethyl ethers
stays at 27,500 B/D, about 1% of the pool. An additional 50,000 B/D of methyl ethers is used,
largely due to the lower price of the natural gas-based methanol feedstock, even with ethanol
receiving the federal income tax exemption. More than 12,000 B/D of ethanol will be needed
to meet this demand. This demand is at the upper limit of ether capacity so that the ethanol tax
exemption does not affect demand. The imported gasolines will contain an additional 50,000
B/D of alcohols (110-125,000 B/D of ethers). As long as opt-ins are limited, a relatively small
volume of ethers will meet the fuel specifications.

Complex Option/California Standards:

As was the case with PADD III, sensitivity analyses were undertaken to examine the
impacts of the adoption of the stricter-than-federal California gasoline specifications on PADD
I1, and the results of those REFORMGAS runs are included in Appendix C. A program of local
or regional opt-ins that reduced the aromatics and olefins levels by about 10 percent (2
percentage points and 1 percentage point, respectively) would be manageable within the current
refining system in PADD II, provided that imported gasolines bore the brunt of the cleanup.
As a result, the local ether figures remain unchanged from the earlier totals. In this case, the
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relative tax treatment of ethanol is of little importance. The demand for the ethyl ethers is due
largely to the need to meet very low RVP levels, unattainable using methyl ethers.

A requirement to move to California-type standards for most urban areas within PADD
II would require vastly more reformulation. Ether requirements within PADD II would rise to
more than 115,000 B/D, about 45% from ethyl ethers. Demand for ethanol for ether use would
rise to over 20,000 B/D within the PADD along with 10,000-15,000 B/D more for ethyl ethers
in imported gasolines. The current federal tax exemption and RVP waiver policies would
increase the demand for ethanol but at the expense of ethyl ethers. The demand for such ethers
would fall by 14,000 B/D (27%) or 5,000 B/D of ethanol. However, the demand for ethanol
for blends would rise by almost 28,000 B/D, providing a net change of 23,000 B/D over the no
subsidy case. Total demand for ethanol would rise to over 43,000 B/D for the period in which
the regulations were in force.

lications for Ethanol

The overwhelming conclusion from this work is that the demand for ethyl ethers will
grow as the CAAA is implemented. The more stringent the implementation, the greater the
demand for ethyl, rather than methyl ethers. Their unique combinations of low volatility, high
octane and low RVP make them ideal for blending into pipeline shipments of gasoline.

Ethanol as a component of gasohol will be virtually unusable in non-attainment areas
during summer periods without the current 1.0 psi RVP waiver. Attention needs to focus on
use of ethanol in ethers. It is clear that given adequate supplies, the very low blending RVPs
of ethyl ethers provide refiners with the ability to effect less stringent reformulation of the
remainder of the gasoline pool. In the simulation results for PADD II, refiners were able to use
more “lite” reformate and relatively less alkylate, the more ethyl ethers they had to blend.

As far as plant location is concerned, the implication from this work is that more ethanol
will be used in PADD III than elsewhere. The ethanol contained in exports of gasolines to other
PADDs along with use within the PADD could take all of the current output of ethanol in the
U.S. If ethyl ethers are not to be supply constrained, then refiners will need to build more
facilities near oil refining centers.

4.5 Shadow Prices for Ethanol, ETBE, and TAEE under different Scenarios

One of the key analytical outputs of an optimization project is the set of shadow prices
that accompany the main solutions. These shadow prices show the value to the problem of a
relaxation of a constraint or of a variable bound. In the current case, the shadow prices give
the value of changing levels of blending components or of altering environmental constraints.
For example, the shadow price of aromatics (in $/BBL) gives the value of relaxing the aromatics
constraint by one barrel. If this figure is $75/bbl, then it means that a one barrel addition to the
aromatics pool (i.e., a relaxation of the upper limit on aromatics) will save that amount. Since
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aromatics now sell for about the same price as gasoline and since that shadow price is more than
twice the average ex refinery gasoline cost, this result says that under certain circumstances
refiners will be willing to pay a great deal to reduce the aromatics levels in their gasoline pool.
On the other hand, blending components that do not add aromatics to the pool will be worth
correspondingly more.

At the national level, the calculation of shadow prices can obscure the important regional
effects of different refinery capabilities and configurations. This report focuses attention on the
PADD level shadow prices, especially for the more stringent cases. The shadow prices
calculated by the REFORMGAS model give important clues to the feasibility of the analytical
results. In particular, the reader should take care to note the following interpretations of the
model’s shadow prices:

L High negative shadow prices for ethanol in the summer time reflect the value to the
model of a reduction in the induced or mandated use of at least some ethanol as gasohol,
not ether;

o Higher values for ethers reflect the multitude of gasoline formulation environmental

constraints satisfied by those compounds - oxygen content, lack of aromatics or olefins,
low RVP -- as well as their high octane rating;

L Where summer RVP level is a problem, the amyl ethers (TAME and TAEE) and ETBE
will be more highly valued than MTBE; and

° The shadow prices for the CAAA-imposed environmental constraints - aromatics
content, olefins content, RVP, and oxygen content -- all represent the cost reduction from
relaxing the constraint by one unit (1 bbl). For the emissions level constraints
(aromatics, olefins, and RVP), such relaxation is equivalent to the cost reduction for a
refiner of allowing one more barrel of olefins or aromatics into the pool. For the oxygen
constraint, relaxation is equivalent to the cost saving from allowing one less barrel into

the pool.

The results of the REFORMGAS PADD II and PADD III runs with the existing ethanol
tax exemption are given in Tables 4-5 and 4-6 below. Figures 4-1 and 4-2 provide graphic
representations of various shadow prices for PADD II. Figures 4-3 and 4-4 provide graphic
representations of the PADD III data. As shown in Figures 4-2 and 4-4, the tax exemption has
a major impact on shadow prices in the complex option, where the blending process is highly
constrained.

Interpreting the shadow prices always requires some judgement and can lead to
confusion. This is particularly true for national averages, where the calculation of shadow prices
can obscure the important regional effects of different refinery capabilities and configurations.
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However, even at the PADD level there are a number of typical inferences that can be made for
the shadow prices in REFORMGAS:

Component Shadow Price ($/bbl)
Winter
Summer Summer Summer Summer | Opt-in;
Base Simple Complex - CA Complex
Case Option Option Standards | Option
Gasoline $35.54 $40.44 $41.34 $0.00 $33.00
Olefins $0.00 $7.60 $0.42 $7.90 $0.00
Aromatics $5.33 $9.20 $0.00 $39.37 $1.54
Ethanol $0.00 ($1.18) $0.00 $0.00 $32.44
ETBE $0.00 $6.83 $2.12 $4.61 $13.72
TAEE $0.00 $0.66 $0.00 $0.00 $6.68
TAME $0.26 $7.45 $4.21 $4.98 $14.57 II
MTBE $1.81 $9.36 $4.55 $6.82 $19.97 "
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Figure 4-1
PADD Il Shadow Prices (w/Ethanol Tax Exemption)
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Shadow Price ($/bbl)

Component

Summer
Simple
Option

Summer
Complex
Option

Summer CA
Standards

Winter Opt-
in; Complex
Option

Gasoline $45.01 $81.27. | $267.83 N/A
Olefins $0.00 $0.00 $27.78 NA |
Aromatics $12.87 $50.04 $301.31 N/A
Ethanol $0.00 ($36.60) | (§30.99) N/A
ETBE $0.32 $24.22 $145.26 N/A
TAEE $0.61 $34.45 $203.96 N/A
TAME $4.20 $34.73 $188.08 N/A
MTBE $2.95 $14.27 $73.90 N/A

N/A  Winter (Complex Option) Opt-in Scenario not relative to PADD III region since no CO

non-attainment areas exist in the region.
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Figure 4-4
PADD Il Shadow Prices for the Complex Option
(w/ and w/o Ethanol Tax Exemption)

| Complex (wjo Tax Exsmption)
100.00 - _ [0 Complax tw/Tax Exemption)

® The cost of relaxing one of the pollution constraints (aromatics content, olefins content,
etc.) represents the net cost of such replacement. Since the aromatics come with such
desirable traits as high energy octane and low RVP numbers, the shadow price is the net
cost of such replacement and not necessarily the market value of one barrel of benzene
or toluene;

L The shadow price of additional gasoline supplies represents the cost of making up
gasoline from the limited pool of low emissivity, high octane ingredients - hence the high
costs in Summer situations;_

L The high summertime shadow prices for ethanol reduction represent the high cost of
adding ethyl ethers to the gasoline supply to counterbalance the high blending RVP of
the ethanol. This high shadow price does not obtain in winter months where only the
oxygen value of the ethanol is important.

° For smaller refiners, the shadow prices of the ethers and oxygenates will be far higher
than for the refiners with highly efficient conversion facilities since the latter group has
more options for reducing emissions and adding back octane.

Implications for Ethanol Program
As was previously indicated, the highest value use for ethanol is in ethers. Where

feedstocks are available, the amyl ethers appear to be superior to the butyl ethers. However,
where RVP is the critical constraint, the ethyl ethers are desirable relative to the methyl ones.
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5.0 Winter Gasoline Findings

In contrast to the vast complexity of supplying summer gasolines with the appropniate
characteristics, the winter gasoline pool merely requires two questions to be answered:

o How much oxygen is required? and
° How much spillover will there be?

The 1990 CAAA required the use of oxygenated gasoline starting in the late fall of 1992
for serious or moderate carbon monoxide (CO) non-attainment areas. The gasoline sold in these
areas during the CO control period must coritain 2.7% or greater oxygen by weight. Volatility
is not an issue, so the formulation process is much less complex than in the summertime.

5.1 National Base Case Blending Results

The major reformulation of the winter gasoline pool will be completed by the end of
1997. Key components of the winter blend are shown in Table 5-1. Much of the FCC stock
will be given over to ether and-alkylate feedstock production. Reformates will be primarily the
"lite” variety, with the reduced octane made up by the oxygenates.

Proportion of Gasoline Pool (%)
Component

Reformate 38
Catalytic Naphtha (FCCN) 14
Other Naphthas 15
Alkylate _ 9

Oxygenates 10
Butane 35
Imports i 10

Refiners will choose to keep the reforming units operating at a high level in order to obtain the
hydrogen that they require for treating high sulphur fuels. The lower severity of the “lite”
reforming will itself reduce hydrogen supplies.
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5.2 PADD II Base Case Blending Results

Since the winter gasoline formulation, due to environmental mandates, is of interest only
for PADD II (PADD 1IN has no serious or moderate CO non-attainment areas which would
require oxygenated winter gasoline), only PADD II results will be reported here. However,
PADD III does supply much of the winter oxygenated gasoline used in PADDs I and II. As a
result, the output of winter reformulation is accounted for in the individual PADD I and II

reports.

The key changes in gasoline content between summer and winter are the use of butane
in the blends and the increased use of full reformate. In a situation of limited spillover, with
oxygen demand limited to the major cities and urban areas of PADD II, the effect of the oxygen
mandates will be minimal. Indeed, one of the most interesting features of PADD II 1995
wintertime gasoline is that it contains less oxygen than summer blends will. The summer
gasolines use oxygenates as essential blending materials to meet the complex CAAA
requirements covering RVP, volatile organics, octane, and benzene. Without the oxygenates,
it is not clear how summer gasoline blends could come into compliance, especially if current
moderate non-attainment areas opt-in to the higher standards. The increased cost of meeting the
winter standards for PADD II (over the base case) is about 1-2¢/gallon ($0.50-1.00/bbl) ex

refinery.

Butane displaces naphthas directly while most of the oxygen is supplied through imports
of oxygenated gasolines from PADD III. Table 5-2 below shows the typical PADD II gasoline
blend for the winter 1995 period.

The differences between the simple and complex case for PADD II are relatively small.
More oxygenates will be blended into the gasoline pool, and less finished would be imported
from PADD III. Table 5-3 shows the projected wintertime gasoline pool for 1997 and beyond.

Widespread spillover of oxygenated gasolines or significant opt-ins by marginal non-
attainment areas will change the economics and blending requirements. The use of oxygenated
gasolines by gasoline vendors in all of the metropolitan areas of PADD II will raise the average
cost of gasoline by a further 3¢/gallon over the standard winter blend. Imports from PADD III,
reformates and FCC naphthas are all reduced to make way for additional volumes of the more
costly oxygenated additives. Without other impediments to its use, such as pipeline
compatibility, ethanol blends will be a key means of meeting the higher oxygen standards. If
it is not necessary to go the ether route, either for RVP or for quality and standardization, then
ethanol is the easiest way to introduce more oxygen to the pool. However, it should be noted
that movement of oxygenated gasolines from one state to another would be mhlblwd by the
quality problems that accompany use of gasohol in the winter.
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Proportion of the Gasoline Pool (%)

Component
Winter
Without Tax
Exemption

Reformate - 17

|| Catalytic Naphtha (FCCN) 17
Other Naphthas 4
Alkylate 8.5
Oxygenates 2
Butane 3
Imports - 48

Exemption

Winter
With Tax

14
18

9.5

Proportion of the Gasoline Pool (%)
Component
Winter Winter
Without Tax With Tax
Exemption Exemption
|}
Reformate 16 15.5
Catalytic Naphtha (FCCN) 19 16
Other Naphthas 7
Alkylate
Oxygendtes
Butane
Imports J 42 47 ||
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5.3  Implications for Ethanol Production and Research

Wintertime use of ethanol as a splash-blending agent is a cost-effective way of providing
the needed oxygen content and octane. Because there is little concern for fuel volatility during
the winter, 10% ethanol/90% gasoline blends will probably remain a major option for providing
required oxygenate in PADD II CO non-attainment areas. There will be two key issues:
transporting the oxygenated fuel to market, and the level of additional opt-ins. Much of the
gasoline for PADD 11 is provided by refineries in PADD III, and that fuel normally moves to
market via pipeline. The refiner has the option of adding the oxygenate at the refinery (in the
form of MTBE, TAME, ETBE, or TAEE) or shipping a sub-octane base gasoline which is then
splash-blended with ethanol by the wholesaler (since virtually all pipeline companies refused to
handle fuels containing ethanol because of phase-separation issues). If the ethanol is to be used
for splash-blending, the production facility should be located in PADD II. If it is to be used for
production of butyl or amyl ethers (ETBE or TAEE), the ethanol production facility should be
co-located with a major petroleum refining complex in PADD IMI, where it could supply major
gasoline markets in PADD II and 1. The level of wintertime demand for PADD II will be
largely influenced by the level of opt-ins to the oxygenated gasoline standard. Large-scale opt-
ins will provide a major boost to ethanol usage, since ethanol is a cost-effective option for the
provision of oxygen in this region. '

The implications of the wintertime gasoline findings for the Biofuels Program are less
clear-cut than those for the summertime. There is no major market incentive to focusing on
producing inexpensive ethanol-based ethers for wintertime use, because ethanol is readily
acceptable as a splash-blending agent. However, the fact that PADD II is dependent on distant
refinenies for its fuel supplies does point toward producing ethanol-based oxygenates that can be
used in common carrier pipelines, such as ETBE and TAEE.
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6.0 The Role of Ethanol-Based Ethers in Helping Small Refiners Survive

Small U.S. petroleum refiners confront a series of relatively unpleasant choices in their
effort to remain competitive and yet produce gasoline that meets the CAAA specifications.
Many of the refineries operated by these firms are small, and currently have only a small degree
of flexibility in the stream of refinery products that they can produce due to their Limited
installed capacities in sophisticated refining processes (etherification, isomerization, etc.).

Ethanol as a blendstock will be of particular importance to small refiners operating
in markets that contain no serious or severe ozone non-attainment areas. So long as the
1.0 psi ethanol waiver stays in place, ethanol will provide cost-effective octane so that levels
of toxics (benzene, toluene, etc.) and aromatics can be reduced at a relatively low cost.
Ethanol would also displace imported gasoline, particularly in areas like PADD II and
PADD 1.

For small refiners, major gasoline reformulation will be far more difficult. Faced with
the need to produce Phase 1 reformulated gasoline by 1995 and Phase 2 reformulated gasoline
by the year 2000, they will need to take one of the following routes:

L make large capital investments to drastically alter their capability to modify the
existing finished product slate;

L add new units (i.e., etherification or alkylation capacity) that enable them to
produce additional blending components that will bring their existing gasoline into
compliance;

L set up long-term arrangements to purchase needed blending components from
specialized suppliers; or

° shift into being a wholesale supplier to larger refiners of intermediate products
which are then upgraded to finished gasoline or diesel fuel.

For refiners, the least expensive option for initial Phase 1 gasoline reformulation is to
produce a cleaner stream of output from existing units through the use of feedstock pretreatments
and new catalysts. In some cases, advanced small refiners will be able to increase reforming
capacity with low aromatic feedstocks and increase their alkylation output sufficiently to meet
specification. The most severe problem for small refiners will be the production of highly
reformulated summertime gasoline. If they can’t afford major overhauls of existing processing
facilities, then some refineries will have to reduce operations or close due to their inability to
provide a gasoline with the required specifications. ’

Small refiners often have limited access to low-cost capital relative to larger integrated
petroleum firms that are oil producers/refiners/marketers, which make massive upgrade projects
beyond their borrowing (and repayment) means. They also experience greater difficulty getting
major upgrade modifications to their facilities done rapidly, because the large petroleum industry
architectural and engineering (A&E) firms are already fully engaged in upgrade work for the
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large integrated refiners. On the other extreme, the small refiners do not want to become only
wholesale intermediate product suppliers, because this is much less profitable and more subject
to cancellation than the production of finished gasoline. This means that the addition of new
units, such as etherification or alkylation trains, may be the cost-effective solutions for these
firms to stay in the gasoline business. ETBE and TAEE units may be particularly
attractive because these are superior as blending stock to their methanol-based analogues,
having lower RVPs, higher octane, and more dilution of CAAA-restricted components
(benzene, butane, etc). Recent studies have indicated that ETBE can be produced via the steam
cracking or fluidized cracking of butylenes for $0.84 - $0.89/gallon in 1995 and $0.77 -
0.81/gallon by the year 2000."® While this is considerably above the cost of MTBE production,
due primarily to very low prices for the methanol feedstock, the ETBE offers a considerable
potential to the small refiner, particularly when it is under pressure to sharply lower the
volatility of summertime gasoline. The capital investment for steam cracker or fluidized cracker
units is relatively modest, compared with other potential options (alkylation units, for example).

If a small refiner already has an MTBE unit, then the capital cost of converting it to
produce ETBE (or to create a joint ETBE/MTBE capability) is slight -- only about $200,000."
With the refiner being able to take advantage of the federal tax exemption for the ethanol
feedstock, this conversion might provide the flexibility that will enable a small PADD II or
PADD III refiner to stay in business.

" See R.M.Tshiteya and D.H.Hertzmark, Mﬁ!ﬂuﬂmﬁwﬂ_ﬁu&
and Chemicals for Transportation (Alexandria, VA.: Meridian Corporation for the National

Renewable Energy Laboratory, September 1993), pgs 6-22 and 6-23. These figures assume that
the ethanol tax exemption of $0.54/gallon is passed proportionately to the 42% ethanol content
for ETBE, resulting in a subsidy of $0.22/gallon.

¥ Ibid, p. 6-21.
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7.0 Recommendations for Future Analysis and Model Development

When initially conceived in 1990, the REFORM model was seen primarily as a means
for determining approximate future national demand for ethanol due to the mandates of the 1990
Clean Air Act Amendments. At that time, ethanol was seen primarily as a splash blended
oxygen source/octane enhancer for gasoline or as a future neat fuel in dedicated fuel vehicles.
There was little information about the performance and blending characteristics of ethanol-based
ethers or on other low RVP blending stock that could be used to alter the physical characteristics
of the final blended gasoline. At that time, there was no way to predict the detailed state and
federal regulations that would be developed to implement the 1990 CAAA, or of the steps that
would be taken by fuel producers and retailers to provide low emissions transportation fuels.

While the REFORM and REFORMGAS models have been evolving in direction and
complexity, so have the regulatory and implementation environment within which clean
alternative fuels will operate in the period 1995 - 2000. In mid and late 1993, four major issues
have arisen which will require detailed analysis and, in one or two cases, additional fine-tuning
of the REFORMGAS model. Each of these will be briefly addressed separately below.

7.1  Regional Fuel/Vehicle Standards and the Impacts of Opt-ins

Under the 1990 CAAA, states always have the right to opt for stricter-than-federal air
quality standards and vehicle specifications. In 1993, individual states or groups of states on a
regional basis have moved to enact stricter-than-federal mandates, usually built around the
California specifications. The major example is the Ozone Transport Region, made up of ten
states in the Northeast, which is considering developing a common set of vehicle and fuel
standards as a means for lowering mobile source air emissions. There are major questions that
have already been raised on whether California vehicle standards can be used without California
gasoline standards (as proposed by New York State). In addition, there are major concerns on
whether the refining industry can respond to this regionalization of product specifications in what
had been a nearly unified market. State and Regional Opt-ins, as they are commonly referred
to, can drastically change the demands on the U.S. refining industry.

Analytic Task: Examine the impacts of the Ozone Transport Region on demand for
oxygenates in reformulated gasoline and on the use of alternative fuels in flexible fuel/dedicated
Juel vehicles in the period 1995 - 2000. Also examine in detail the impacts of wide-spread opt-
ins on cost and availability of reformulated fuels in the period 1995 - 2000.

7.2  Clean Fuel Vehicle Fleets

The 1992 Energy Policy Act and the 1990 Clean Air Act Amendments both mandate the
introduction of "clean fuel" vehicles into centrally-fueled fleets during the period 1995 - 2000.
The federal government is now implementing an aggressive program of purchasing alternative
fuel vehicles, as are several state governments. The 1990 CAAA also requires that a certain
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percentage of the vehicles sold in California, starting in 1996, be low emissions, ultra low
emissions, or zero emissions vehicles. This approach is being considered by other states,
including the ten members of the Ozone Transport Region.

The purchase and operation of these vehicles will, over time, alter the fuel mix of the
country. While the initial quantities of vehicles will be small (relative to the total U.S. fleet),
they will compete with refiners and blenders for available quantities of feedstocks such as
ethanol, methanol, and natural gas. This will be particularly important for ethanol, which has
a relatively limited production capacity.

Analytic Task: Examine the impacts of growing alternative fuel vehicle fleets on the
demand for ethanol, methanol, reformulated gasoline, and the major blending ethers. This will
require setting up separate PADD by PADD alternative vehicle fleet modules, which will then
generate fuel demand functions thar will be integrated with those of the U.S. refinery sector.

7.3  Oxygern Content, RVP Ceilings and the Demand for Fuel Additives and
Blending Stock

Tailpipe NO, emissions, which were initially' not a central consideration in the
reformulation of gasoline, now are a major source of debate, since NO, emissions tend to
increase with the addition of oxygenates. Shortly, EPA will be determining the maximum level
allowed in gasoline for each form of oxygenate for different attainment and non-attainment areas.
This will have a major impact on ethanol, primarily, although ceilings on the percentage of amyl
and buty] ethers could also cause serious problems for blenders.

A second issue is the 1.0 psi RVP waiver which gasohol has traditionally received.

This waiver has become increasing controversial, on the grounds that it contributes to increased
ground level ozone (due to evaporative and running losses from the more volatile gasoline) and
NO, emissions. EPA will be deciding, in mid-December, 1993, on the treatment of future
ethanol blends in terms of RVP ceilings. If, as expected, EPA develops a compromise that
allows certain regions but not others to continue to use ethanol for gasoline blending (but only
up to an agreed upon market share), then this will have a major and immediate impact on where
ethanol will be used and the level of demand.

Analytic Task: Integrate the December 15, 1993 ethanol RVP decision into the PADD
modules for those portions of the country affected by the decision.

7.4  Linking REFORMGAS to Emissions Models

In order to examine the potential emissions impacts of fuel choices and public policy
choices (i.e., ride sharing or vehicle scrappage in individual State Implementation Plans under
the 1990 CAAA), the U.S. EPA has developed a series of models that predict levels of mobile
source emissions, based on such variables as the vehicle fleet, the average miles driven, and the
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average speed during different times of day. These models -- the latest authorized version is the
MORBILE 5(a) version -- treat the fuel composition as an exogenous input allowing either Phase
I or II Federal RFG and a user-specified oxygen level and market share. Some freedom is
provided for O, levels in winter scenario runs but MOBILES(a) will override such mputs if
Federal RFG and summer time scenarios are specified concurrently. REFORMGAS, on the
other hand, develops relatively complete slates of the lowest cost set of gasoline blending
components for any given set of environmental constraints, oil prices, and fuel/additive
production capacities. If the output of REFORMGAS could be linked to the input structure for
the MOBILE 5(a) model, then proposed public policy initiatives could be examined not only for
the demands for fuel components that they generate (barrels of ethanol or ETBE required), but
also for the changes in emissions that would result. This would enable DOE and NREL
decision-makers to rapidly assess the air emissions impacts of proposed alternative initiatives and
to pass this information on to decision-makers.

Analytic Task: To build an analytic linkage that takes REFORMGAS output and puts it
into a form that can be read as input for the MOBILE 5(a) model. This will requre a major
effors, particularly on the MOBILE 5(a) side, since the data is only accepted by the model in
very particular forms (and the model has been deliberately set up to prevent alterations to the
basic underlying computations of emissions levels).
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APPENDIX A:

PADD II REFORMGAS Model runs with Ethanol Subsidy for
1995 Base Case, 1995 Simple Option, and 1998 Complex Option

Component (barrels per day)
Summer Base Summer Simple | Summer Complex

Case - Option Option
Ethanol 500 23,061 500
ETBE 0 22,500 27,500
TAEE 0 0 0
MTBE 40,000 40,000 40,000
TAME 1,000 5,000 10,000
All Oxygenates 41,500 90,561 78,000
Gasoline 2,362,187 2,362,187 2,433,585
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APPENDIX B:

PADD III REFORMGAS Model runs with Ethanol
Subsidy for 1995 Simple Option and 1998 Complex Option

Component (barrels per day)
Summer Base Summer Simple | Summer Complex

Case Option Option
Ethanol - 3,690 500 100
ETBE - 37,500 30,000 38,000
TAEE 0 17,500 28,000
MTBE 35,000 40,000 40,000
TAME 37,500 25,000 27,500
All Oxygenates 113,690 113,000 133,600
Gasoline 1,187,000 1,187,000 1,187,000
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APPENDIX C:

Sensitivity Analyses on the Impacts of
Opt-ins to California Standards in PADDs II and III

Component ‘ (barrels per day)
i Summer Base Case Summer CA Standards
No No
Subsidy Subsidy _ Subsidy Subsidy
Ethanol 500 32,616 27,727 520
ETBE 0 15,000 - 37,500 37,500
TAEE 0 0. 0 14,000
MTBE . 40,000 40,000 . 50,000 50,000
TAME 1,000 1,000 15,000 15,000
All Oxygenates 41,500 | 88,616 130,227 117,020
Gasoline 2,362,187 2,362,187 2,433,585 2,433,585

Table:C.2: Impacts-of:CA:Standards:on:Demand for.

‘Ethanol, and Ethanol-:and Methanol-based'

Component (barrels per day)
Summer Base Case Summer CA Standards
No | No
Subsidy Subsidy Subsidy Subsidy
Ethanol 3,690 500 500 500
ETBE 37,500 15,000 42,994 39,392
TAEE 0 0 36,205 ‘ 40,731
MTBE 35,000 40,000 45,256 45,256
TAME 37,500 1,000 31,114 31,114
All Oxygenates 113,690 56,500 156,069 156,993
Gasoline 1,187,000 1,187,000 1,342,982 1,342,982




Introduction

One of the major potential sources of uncertainty in the U.S. petroleum industry is the
issue of which states will chose to exercise their right, under the 1990 CAAA, to "opt-in" to
gasoline reformulation standards which are more strict than required. Under the 1990 CAAA,
only the worst nine ozone non-attainment areas are required to use reformulated gasoline.
| However, any state with a marginal, moderate, serious, or severe nonattainment area can "opt-

in" to the federal reformulated gasoline program.

! In 1992 - 1993, one of the contentious issues that arose as states developed and made
public their state implementation plans was that several states (Kentucky is definite and Missouri
and Ohio are actively considering) have announced their intention to opt-in to reformulated
gasoline. If a number of major states adopt these standards even though they are not required
to, it will impose additional demands on the refining sector. The ultimate example would be for
a significant opt-in level to California specification gasoline, which has more strict formulation
requirements than the federal standards imposed by the 1990 CAAA.' To test the implications
of this option, we have examined in PADD II and III the impacts of limited and extensive opt-in
of non-attainment areas to California specification gasoline. The results of these runs are shown
in the tables that follow.

However, it should be emphasized that these results cannot be compared with any
of the other results in this study or in Appendices A, B, and D, This is because the refining
portion of the REFORMGAS model used to reach these results is mot the same as that used
for the other model runs. In simple terms, the refining sector projected by industry for 1995 and
1998 could not produce enough gasoline with California specifications: it was lacking in a
number of key components such alkylation and isomerization capacity. There was no feasible
solution, given the production capacity for various gasoline components. To meet the projected
California specification gasoline demand and to get feasible solutions, the refining sector in the
REFORMGAS model had to be severely overhauled, so that it produced a very different refining
slate. Among other things, a great deal of volatile organic compounds had to be removed from
the base gasoline, and aromatics and olefins transformed into other products. This is very
expensive but technically feasible. This means, among other things, that this "new" base gasoline
will be more expensive, that it will be deficient in octane, and that it will have far less aromatics
and olefins content than of the base gasoline required for federal reformulated gasoline.

This explains why there suddenly appears, in the high opt-in to CA standards scenarios,
some summertime demand for ethanol as a blendstock in gasohol. With many of the
objectionable compounds in the refinery slate removed in the refining process, there is now the
possibility of adding in ethanol, as an octane enhancer and source of oxygenate, without

! New York and the other East Coast states that comprise the Ozone Transport Region announced
their intention to opt-in to reformulated gasoline, but to also adopt the California vehicle fleet program
without California gasoline specifications, effective in 1995 or 1996. This approach has been

challenged by the American Automobile Manufacturers Association, on the grounds that the California
vehicles must be mated with California specification gasoline.




exceeding RVP or VOC ceilings. The level of ethanol use (both as gasohol blendstock and as
feedstock for the creation of ETBE and TAEE) is somewhat dependent on ethanol price, but
much more sensitive to changes in the allowable RVP level for gasohol.




PADD 2 CA Sunmyner
Simuistion Resuits Summary
Full Hasvy Haavy
Varisbles Retomats  Retomate Retormese U FOCN  LGNFOON rpy
Pros
(S/obi) . [ F - 1. £30.33 £0.03 £30.53 £20.58
Lower Bound 75,000 50,000 75.000 100,000 100,000 @a5,000
Upper Bound 175.000 175,000 175000 25000  275.000
Objective Function $ 7.703E+07 = cinily cont of supply
Variahie Viahass (bAd) sam 94,307 223,000 175,000 1193087 as.o00
Ethancl subsicy « $0.00
Mixing Values Benzans Aromatics  Qlsbrs Owygen RW
1.00% 237T% 1.45% 752
Major Components Oxyperaies FCON Figlomats Butare Ay
117,020 350,897 275 400,118 0 211.081
4.81% 14.54% 18 58% 0.00% asme
Average Cost (Rb])
Average cost ($/cml)
$0.76
Shadow Prices
Gagotline $64.034
FCCN $0.000
Retormate £0.000
Olefirm (845.002)
Aromatics ($41.751)
Oxygen $0.000
MON §0.000
RON $1.210
RAVP: Max {$0.850)
Lt Ovefirs ($17.744)
Benzens ($182.138)
ETOH Prod $0.000
MTBE $31.901
TAME $31.447
TAEE $14.185
ETBE $25. 7%
Alkylata $0.000

S8R Naphtha IG-1 1G-2
24 80 e =2 1n
$.000 0 0
540783 437500 712500
100.7v4 437 500 712,500
mpors Naphthas

1,150,000 198214

AT.20% 8.00%

No ETOH Submay

Aly-Poty
3144

200.000
225,000

211,081



PADD 2

ETOM

S00
32616 §0,000

TAME

15,000

15,000

TAEE

§51.65

0
14,000

14,000

¥7.500

Tokmne/ wornerste &

Xymne Crap
£0.78 =M.07
("] 0
7.600 4,500
2275 8,500

No ETOH Submoy

870,500 \ower Bound Toeal
400,879 Uppet Bourd Tota!
Mogas Volumes

243,585

PADD [l Summer Gasoline: 1998 - Complex Option (CA Standards)

TRy

Sl orwwis
1=




PADD 2 CA Surwmer
Simulation Resuits Summary
Full raavy “ne i
Variables Retamals Retormats  Retormats FUlFCON - Light FCON
Tice
(Sdobl) 1.4 3500 $30.33 $£20.03 $30.53
soanr Bourd 75,000 £0.000 75,000 100,000 100,000
Jpper Bound 175.000 175000 225000 175,000 225,000
Jojactive Function § T730E+07 = cinily tomt of mpply
furiable Vakas (bid) 75,000 80,000 225 000 141,964 100,000
Thanol eubeidy = $0.54
i
ixing Values Benzens Amomatics  Olelrs Oxypen RW
1.00% 22T% 10.00% 1.75% 782
lajor Components Oxygermitas FOON Tel/xy Relomale  Butane
190,227 MWOE> I 350,000 3,381
l 5.35% 18.20% 0.14% 14.38% 0.14%
varapa Cost ($/0bi)
1.80
verage cost (R/gal)
, 078
Shadow Prices
- e
woline %0.000
LN $0.000
Hortnate {§7.080)
ofirm (57.895)
armatics 385
ygen $0.000
N $0.000
)'F':'- Max 'D';e !
Lt 852
O Pro 80000
BE $6.818
ME 54.976
EE $0.000
BE $4.611
yiaw $3.507

Heavy
FCCN

05,000

157 488

.25%

ETOH Subidy

SR Naphtha 1G-1 G2 Ay Poly
tMe sHT™ g1 144
5.000 0 0 200,000
540763 437500 T12800 225,000

108251

1,150,000
47.28%

437,500 712.500 225.000

12,751
T7.10%



Tousw iscmerss &
MTBE TAME TAEE ETBE N-butane Xywne Crap
$39.30 $40.00 4401 s 7 $1a.52 0.7 SM.07
0 0 [} ] 0 0 [} 670,500 Lower Bound Tetal
50,000 15000 14000 37,500 78.000 7.500 6800 ) 3.403.879 Upper Bound Tow
Moges Volume
80,000 15,000 0_ 37,800 281 A4 6,500 242,585

PADD [l Summer Gasoline: 1898 - Complex @pﬂﬂém (CA 8tancards)

Tal/My




PADD 3

Simulation Results Summary
Variables
Prios -

(bl 0134 $34.47
Lower Bound 75,000 25,000
Uppst Baund 110,000 50,000
Objective Function § 425157
Varighla Valss (bAd) 75,000 25,000
Ethano! subeidy = $0.00
Mixing Values Berzene Aromatics

0.8% 2197

Msjor Components  Oxypenates FCCN

156,093 ez
11.80% Z80%
Averags Cost (£/bbi)
$31.65
Average cost ($/gal)
80.75
Shadow Prices
($/bi)

Gagoline . 730
FCCN ﬁg.mo)
Refamate $0.000
Olefine $0.000
Aromatics (540.194)
Oxygan $0.000
MON $0.000
RON £0.000
RVP: Max S35
Lt Olafine “simo)
ETOH Prod bagirad

. ($63.583
MTBE 81,472)
TAME £16.999
TAEE £0.000
ETBE $0.000
Aliylate $8.417

’ No ETOH Subsidy AVP Waiver

Haavy e .
Ftlmm Relcrmats FAAFCCN  Light FOON

£20 85 $30.15 3085
225,000 60,000 50,000
800,000 225,000 125,000

= daily comt of supply
225000 194827 50,000

Olshra Oxygen AW
92.50% 1.08% 743

Tol/xy Reformate Butane

0.00% 24.20% 0.01%

Unconetrained Ettwl Ethers

L

$2.70

50,000
75.000

75,000

290,000
21.50%

SA Naghtha 1G-1 G2
480 83145  $2988

5.000 ) 0

112,382 125000 25,000

8416 126000 ©

impos  Naphthas

125000 126261

2.31% 6.40%

50,000
290.000

High Opt-in



" PADD 3 Surnmar CA Cane
Tolusrne/  iscmerate &
ETOH MTBE TAME TAEE ETBE N-butane Xyiane Crwp
$£50.80 $38.36 £30.86 §50.67 $50.00 S5 £0.2% £24.07
500 0 0 0 0 100 0 0 530,800 Lower Bound Tota!
17123 45,256 31,14 40,71 48,651 25,000 7,500 119.845 2,782,602 Upper Bound Tota!
Magas Volurns
500 45,256 3114 40,731 39,362 100 0 119,045 1,942,962
PADRD Il Summer Gascline: 1006 - Complax Optien
COxypenates
12%
FOCN
24%
Tol/Xy
0%
Rsformate
24%
No ETOH Subsidy RVP Waiver Unconstrained Ettyt Ethers

High Optn



PADD 3 Bummar CA Case

Simuistion Results Summary
Variables Ful Relormate penr? . ~IE RMFCON LigtFCON DoY) 8A Nephina 1G-1 IG-2 Alky-Poly
Price _

(S/bi) $31.34 447 S285 $30.15 065 2070 S8 £31.45 $29.88 £30.69
Lower Bound 75,000 25000 225000 50000 £0,000 0000 5,000 0 o 50,000
Upper Baund 110,000 50000 300000 225000 125000  7S000 1132382 125000 25,000 280,000
Objactive Function $ 42026407 = cdaily cost of supply
Varisble Vaiuss (bA) 75.000 25000 2000 217820 50,000 58981 5000 125000 18219 290,000
Ethanol subsidy = $0.54
Mixing Values Benzens Aromatics  Olefire Oxygen AW

0.57% 2197%  1000%  1.96% 7.43

Major Components Oxypenatss  FCCN Telxy Refomais Butare Alky imparts Naphthas

156,088 a4 581 0 325,000 100 280000 143219 104.013
11.62% 24 17% 0.00% 24.20% 001%  21.5%% 10.05% 7.74%
Average Cost ($/bbl)
SN2
Average cout ($/gal)
$0.
Shadow Prices
($/0bl)

Gazoline (%267.832)
FCCN $0.000
Relamate $0.000
Olafins ($27.781)
Aromatics (5301.314)
Oxygen $0.000
MON $0.000
RON $0.000
RVP: Max (515.546)
Lt Olefing $0.000
Barnzens £0.000
ETOH Prod, ($30.985)
MTBE $73.696
TAME $188.081
TAEE $203.962
ETBE $145.255
Alcytats $74.110

ETOH Subsidy AVP Waiver in Place High Opt-in



PADD 3

Barrevar CA Casn
Tohwne!/  momarats &
T,
ETOH MTBE TAME AEE ETBE N-butans Xylans Crap
*0.52 $38.38 €38 .85 092 270 $1a82 £3029 24.07
500 0 [+] [+} 0 100 -] 0 530 600 Lowsr Bourd Tolal
16,308 45,255 31,114 38,205 42,004 25,000 7.500 119.845 2,781,004 Upper Bourd Teal
Mogas Volurme
S00 45,256 31,114 38,205 42.904 100 [+] 99.013 1,942,982
PADD Il Summer @aseline: 1008 - Complez Optien
Naphtms
8%
Oxygermte:
Impors 12%
11%
FCON
23%
Burane -
0% Tol/Xy
o%

Reformate
24%

ETOM Subsidy RVP Waiver in Place



APPENDIX D:

Sensitivity Analyses of the Impacts on PADDs II and IIT of
Changes in the Level of Federal Ethanol Subsidy and in the
Allowable RVP for Gasohol Blends under different CAAA Scenarios

|
|




Intrbduction

Under current federal legislation, gasoline blended with 10% ethanol receives a reduction
in the federal highway tax of 5.4 cents per gallon, resulting in an effective tax reduction per
gallon of ethanol of $0.54 per gallon. This tax reduction is currently scheduled to continue
through the year 2000. In addition, the. CAAA specified that gasohol would be given a 1.0
pound per square inch (1.0 psi) waiver in the allowable Reid Vapor Pressure (RVP) in non-
attainment areas. This RVP waiver has been a source of great controversy, in part because a
number of analysts have maintained that it would lead to an increase in NO, levels in ozone non-
attainment areas, and that the 1990 CAAA specxﬁcally forbids any oxygenate levels that
contribute to NO, levels increases.

At this time, there is discussion of possibly proportionately extending the ethanol tax
reduction to ethers derived from ethanol (ETBE and TAEE): they would receive a tax reduction
on the percentage of the final product that is ethanol. If 42% of the feedstock is ethanol, then
the resulting ether would receive 42% of $0.54/gallon or approximately $0.23 per gallon.

In the following model runs, we have examined a number of potential options that are
changes from the status quo. In the most extreme case, the highway tax reduction is repealed
in 1995 or 1998, as is the RVP waiver. This is indicated below as the No subsidy, no RVP
waiver case.

What is striking is that eliminating the current subsidy level has surprisingly little impact
on the usage of ethanol or ethanol-based ethers (ETBE and TAEE) in several scenarios: it does
not decrease dramatically. This is primarily due to the restricted supply of the isobutylenes and
isoamylenes required to create butyl and amyl ethers. Because MTBE and TAME are less
expensive to manufacture than the ethyl counterparts (even with the $0.54 subsidy for ethanol),
REFORMGAS allocates the vast majority of available isobutylenes and isoamylenes to the
manufacture of these methanol-based ethers. What is left over is used in the manufacture of
ETBE and TAEE in order to meet RVP constraints. These limited quantities of ethyl ethers
produced are not sensitive to the price of ethanol. Of course, this assumes that sufficient
quantities of ethanol would be produced and sold at the higher unsubsidized level. This would
occur only if producers thought that markets would still exist and there is ng evidence that they
feel so since the ether markets are just beginning to develop.

Eliminating the RVP waiver does have a significant impact on ethanol use. In most non-
attainment areas in PADDs Il and III, eliminating the RVP waiver make it virtually impossible
to blend gasohol and still meet RVP ceilings. As the REFORMGAS printouts show, ethanol for
gasohol blending purposes is represented only in nominal 100 or 500 B/D levels, and the model
“ places a very high value on getting rid of this additive because of the RVP penalty. However,
ethanol does continue to be used as a summertime feedstock for ETBE and TAEE production,
since these products provide a range of needed attributes such as low RVP, high octane, and
dilution of volatile organic compounds in the gasoline pool — and as a wintertime oxygen and
octane source so long as the existing federal tax exemption remains.



Since there are no carbon monoxide non-attainment areas in PADD III, there is no real
analytic need to examine the impacts of the ethanol subsidy on wintertime PADD III gasoline
pool. Therefore, only PADD II REFORMGAS runs have been included for the wintertime.



Summertime Gasoline
NO ETHANOL SUBSIDY

PADD I

Component (barrels per day)
Summer Base Summer Simple | Summer Complex

Case Option Option
Ethanol 32,616 772 500
ETBE 15,000 25,000 27,500
TAEE 0 0 0
MTBE 40,000 40,000 40,000
TAME 1,000 5,000 10,000
All Oxygenates 88,616 70,772 78,000
Gasoline 2,362,187 2,362,187 2,433,585

Component

“Table D.2: PADD II Demand:for Ethanol; a
“With ‘Ethanol Subsid

(barrels per day)

Summer Base
Case

Summer Simple
Option

Ethanol 500 ' 23,061 500

Summer Complex
Option

ETBE 0 22,500 27,500
TAEE 0 0 0
MTBE 40,000 40,000 40,000
TAME 1,000 5,000 10,000
All Oxygenates 41,500 90,561 78,000
Gasoline 2,362,187 2,362,187 2,433,585




PADD 2

Simuiation Results Summary

Full Haavy
Variables Refomats Relomate
Pre

(RAb) b= §3438

Lowsr Bound 75.000 50,000
Upper Bound 175,000 175,000
Objective Function § 7270507
Varishie Valuss (A 75,000 £0,000
Ethanot subwidy = $0.00
Mixing Valuas Benzene  Aromatics

0899% Z7.50%
Major Componants Cxypermtes FCCN

| X 41 485,000

2.7%% 10.80%
Average Cost (R/btd)

£0.78
Average coat (S/gal)
$0.73
Shadow Prices
(S/b)

Gasoiline .78
FooN o000
Retormate $40.869
Olafine $0.000
Aromatics $0.000
Oxygan $0.000
MON $0.000
RON £0.565
RAVP: Max ($0.424
Lt Oefirs ($11.384)
ETOH Pred ;ng
MTBE (820.041;
TAME 322.811)
TAEE ($31.768)
ETBE ($35.396)

LITE"
P FUlFCON  Light FCON

2074 SX10.04 S0 54
75.000 100,000 100,000
173000 175000 225000
= dnily cost of mpply

109,483 175,000 225,000

1272% 1.52% 875

Tolxy Relomals Butans
0 234 453 15,481
0.00% 2.57% 0.85%

Haavy
FOCN

2950

75,000

Ay
175,400
7.49%

8H Naphtna 1IG-1 1G-2

§4.60 $.as 52088
200503  500.000 750.000

ARAF 1o ] $00.000 748 414

1,248 494 104 805
205% 571%

No ETOH Submay

Aky-Paly

$230.69
50,000
230,000

175,408




PADD 2

B 2

2618

MTBE

40.000

TAME

£0.86
1,000

1.000

TAEE

£50.67

ETBE

$5090-
15,000

15,000

1852
[
75,000

15481

Tousra/ Meomerats &

Aywre Crap

3010 §24.07

0 0 520,500

7800 2032 . 3,154 641
Mogas

-] p-1 -] 22382 187

PADPD Il Summer Gaseline: 1995 ~ Curremnt Standards

No ETOH Sutsay

Loyt Benred Tatal
Uppsr Baund Total

Tol/uy




LTE"

Heavy

Retormate  Relormate
|- ) $2074
£0,000 75.000
175000 225,000

Full FCON

100,000
176,000

$ 7997E407 = daily comt of spply

PADD 2
Simulstion Resuits Summary
Variables e rmase
Price
[T - 8]
Leswer Bouret 75,000
Upper Bound 175,000
Obiective Furch
Variabis Vel (B ¥7,045
 Eshano! auteidy = $0.00
- Mixing Values Benzsre
1.00%
Major Componenta Oxypensies
70,772
] 3.00%
Average Cout ($/bti)
$30.
- Avarage cost (igal)
$0.
|
; Shadow Prices
 Guasoline $54.571
FCCN $0.000
Reformate $0.000
Olafirg (543.540)
s Ty
MON $0.000
:epl}l Max $1.221
‘lu Olafire ‘:gg)
Benzans 159,
ETOH Prod. “ So.:g)
MTBE S47.425
TAME $43775
TAEE $26.529
[ElBE $40.628
Alytata $21.605

SR04 225000

Aromatce  Olelre
2500% 11.79%
FCON TalXy
414196 G0
17.5% 0.29%

14,199

Lignt FCON

100,000

Rwe
813

100
0.00%

Heavy

FOON SA Naphtha IG-1 KG-2
£205 M. 01 208
5,000 5,000 0 0
275000 BA0763 437500 712800
05,000 122008 437500 712.500
Aky Naphthas

230000 1,150,000 129,188

.74% W@ame S54%

No ETOH Subwagy

£30.86
200,000




DS

PADD 2
ETOH MTBE
$5AR0 £28.36
500 [+]
32016 40,000
™ 40,000

Tohaaw  SOMAIES &

TAME TAEE ETBE N-butere Xylore Crap

0.8 $50.67 5090 san2 $30.18 2407

[} 0 0 100 100 0 70,700
S0 _ 0 25,000 75,000 7800 4,500 ) 3352379
5,000 0 25,000 10 6.008 8.500 2,362,187

PADD [0 Summer Gasolline: 1885 - Simple Option

No ETOH Submdy

Lower Bourd Taa!
Upper Bourd Toxal

l

y.. v
A —_
f Yalrny
on
— af
—
=
|~
- Al arengts
"




PADD 2

Simulation Results Summary

Ful
Varisbles Reformate Rt
Price
{%Aobi) [ <) F -] | - ¥ ]
Lower Beund 75,000 60,000
Upper Baund 175,000 175,000
Objactive Function & 7.453E407
Variabls Vgiues (B 175000 50,000
/ Ethanot subwidy = $0.00
. Mixing Values Benzens  Aromatios
“ 1.00% 25.08%
Major Componants Oxyperams FCON
78,000 471,084
V 321% 19.98%
|
Average Cost ($/0bl)
~ Average cost (S/gal)
.73
r Shadow Prices
Gasoiine ' $58.010
FCCN $0.000
Ratormate £0.000
Owsfine £0.000
| Aromatics $11.919
Onygen £0.000
MON $0.000
RON $0.586
RVP: Max ($0.424)
l\u Otefirs $5.693
Benzene $1.313.110)
| ETOH Praa 0,000
MTBE $11.144
TAME $16.714
TAEE $7.121
ETBE $3.148
Alxytate $0.000

“LIe
Retormate PV FOON

S0.73 £30.00
75,000 100,000
175,000 175,000

w claily cont of mpply
175.000 175.000
Ciafra Cxypen
11.50% 1.10%
TalWXy Reformats
0 400,000
0.00% 16.44%

Light FOOCN

100.000

AW
8.16

raavy
FCON

.25%

SA Napntha IG-1
£24.60 $£31.45
£.000 0
s-go.m 425 000
115,501 425.000
Imports Naphthes
1,137,500 122,001
45.74% 5.01%

G2

712,500

712.500

No ETOH Siubmiy

Aly-Paly

50.a00
225,000

225.000




PADD 2
ETOH MTBE
$58.80 $30.36
S0 (]
20616 40,000
800 40,000

TAME

3005

0
10,000

10,000

B g0

I7.800

. Tausne'  leomerste &

N-unm Xyers  Crap
S | S8 82407
0 ;0 0

TR000 | 7500 6500
0 Lo 8.500

Wo ETOH Submay

220 500 Lowsr Bourd Total
322,379 Upper Bours! Texa!

Moges VolsTe
2433 585

PADD 1) Summer Gasoline: 1968 - Complex Option

Teliny




Summertime Gasoline

NO ETHANOL SUBSIDY
PADD III

Table Di3:
Component (barrels per day)

Summer Base Summer Simple | Summer Complex

Case Option Option
- ...

Ethanol 500 500 500
ETBE 15,000 26,146 40,383
TAEE 0 17,500 33,384
MTBE 40,000 40,000 43,076
TAME 1,000 25,000 29,614
All Oxygenates 56,500 109,146 146,957
Gasoline 1,187,000 1,187,000 1,278,269

Table D.4: PADD IIl Demand for Ethanol,:and Ethanol-: and Methanol-

With Ethanol ‘Subsidy.

Component (barrels per day)
Summer Base Summer Simple | Summer Complex

Case Option Option
Ethanol 3,690 500 100
ETBE 37,500 30,000 38,000
TAEE 0 17,500 28,000
MTBE 35,000 40,000 40,000
TAME 37,500 25,000 27,500
All Oxygenates 113,690 113,000 133,600
Gasoline 1,187,000 1,187,000 1,187,000




PADD 3
Simuiation Results Summary
Heavy “LITE"
Variables Full Retormats Lo
Price _
[T 2,1 8447 S20.85 2015
Lownr Bound 50,000 50,000 £2.500 50,000
Uppst Boure 150,000 175000 0,000  175.000
Oblective Function § 2.643E407 = claly cout of mpply
Varisbie Vakue (o) 150,000 60,000 WO000 10975
Etharni -ﬂy. - $0.00
Mixing Valuss Banpere Aravatcs  Olefire Owygen
1.00% 2087%  £51% 1.94%
Major Components Oxyperades FCON Tolxy Raformate
56,800 25975 0 480,000
470% 2190%  0.00% 3201%
Averags Cost ($/0b)
$30.69
A cost )
o b
Shadow Prices
(Sxbi)
Ganoline ($56.791)
FCCN $0.000
Aeformate $0.000
Olafire £0.000
Aromatics $0.000
Onxygen £0.000
MON $0.000
AON $0.566
AVP; Max (50.424)
Lt Olefins $0.000
Benzene (51.448.501)
ETOH Prod. $0.000
MTBE s12.738
TAME $17.703
TAEE $8.006
ETBE $4.345
Alrytate $13.501

n-m-."‘m Lignt FCON

£0.000
125,000

$0,000

“f &3

Hatvy
FCCN

80,000
175,000

230,000
19.90%

SR Neprina KG-1
M09 145
4]
1IR.M2 125,000
40,057 125,000
mports Naphthas
180,000 110,525
1204% 231%

K2

25,000

50,000
230,000




PADD 3

ETOH MTBE
58 80 £38.36
500 0

TAME TAEE

0 0
1.@_ ]
1,000 0

PADBD (il Summer Gaseline: 1088 » Current Nandarde

15,000

15,000

Tohmrw'  cymargs
Xylane & Crap

7.500 60,858

0 0,458

Carrert Stanaaros
388,000 Lower Bourd Tata!
2852 956 Upper Bound Tatal

1,167,000

|

l No ETOH Subsidy in Piace



PADD 3
Simulstion Results Summary
Variables mmm"""’
Price

b T M [V
Lower Bound 75,000 25,000
Uppeer Bosand 110,000 80,000
Onjactive Function $ 2.000E407
Variabis Vaass () 78,000 25,000

Ethanci subsidy = $0.00
Mixing Values Benzens Aromatics

1.00% 2.50%
Major Components Owyperases  FOON
100,146 240,000
9.20% 21.00%
Average Cost (52000
$31.05
Average cost (S/0a0)
$0.74
Shadow Prices
(3A)

Gancling ($503.480)

FCCN $0.000 - ==
Retormate $0.000
Onafira $0.000
Aromatcs (525.389)

Cncygon $0.000
MON $0.000

RON $0.000
AVFP: Max (80.629)

Lt Ouafire $0.000
Benzens (51.202.518)

ETOH Prog $0.000

MTBE $10.260

TAME $12.974

TAEE 2 185

ETBE $0.000
Akylaw £$10.501

No ETOM Subsidy AVP Waiver

Survwvar
"LTE i
Retermets Ful FCON  Light FCON
505 5015 3085
225,000 123,000 75,000
VL00 000 125,000
= cally OOt of eupply
xone 125,000 75,000
Clofira COxygun AW
0.42% 1.01% 780
TolXy Relormate  Butarw
k1 x:!2e [ )+
0.0% 21.0% 0.0™

— e e Sy A= A YA A e n T -

Lightty Cormtraswd Ethyt Ethers

B

80,000
78.000

50,000

230,000
10.30%

B8R Naphta K3-1 1G-2
2% =45 20 .08
4,000 0 0
112 3000 23,000
19.080 125,000 0
mpars Naphthas

125,000 0,725

10.59% "%

200

$0.000
20000

No Ot-irm




PADD 3 Survme
Tolusre/ m&
ETOH MTRE TAME TAEE ETEE N-Dutane Xywne Crap
G464 80 $38.28 53508 20087 0. {3 ¥ 3029 07
800 0 [} (] [} 100 100 0 30,700
11,418 40,000 25,000 17.800 30,000 245,000 74800 110048 2878483
Mopas Volume
500 40,000 25,000 17,900 28 148 812 100 110,845 1,187,000
PADD i Summer Gosclias: 1095 - Simple Optlen
Naphthas
12% Oxygenate:
il &
mpores
"
FOON
2%
Tol/Xy
o%
Butare
o%
Reformate
29%
No ETOH Subsidy RV Waiver

Lightly Cormtrainexs Ethyl Ethen

Lower Bourd Tota)
Uppar Boret Tatal

No Opt-ine



PADD 3 Surnvar Complax Opbon

Simulation Results Summary
Heavy “LTE" Haavy ¥

Variables Ful Reformats L e Refomae FUIFCCN  LigtFCEN SANaphina IG-1  1G-2 Aly-Poly
Price . .

(S/obi) $31.34 447 2> $X015 $30.85 £29.70 £24.69 2145 $29 88 $30.69
Lower Bound 75,000 25,000 225,000 50,000 50,000 50,000 5.000 [+] [+} 50,000
Upper Bound 110,000 50,000 300,000 225,000 125,000 75,000 1,122,382 125,000 25,000 250,000

. Objactive Function § 4.044E+407 = claily cout of supply
Variabia Vaiues (b/d) 75,000 25,000 225,000 201,558 50,000 82,854 5,000 125,000 (4] 250.000
Ethanol subsidy = $0.00
Mixing Values Berzene Aromatics  Olefire Oxygen AW
0.99% 2.52% 2.91% 1.040% 7.48

| Major Components  Oxygenates FCCN  Toly Refomate Butane  Aky imports  Naphtnas

145,957 4412 0 225,000 100 250000 125000 116,800
i 11.50% 24.60%  0.00% 25.43% 001% 19.56%  0.78% 9.14%
Avarage Cost ($/bbi)
el
, Average coet ($/gal)
[ $0.75
| Shadow Prices
i ($/bbi)
Gasoline ($114.253)
FCCN $0.000
Retormate $0.000
Olafine $0.000
Aromatics ($108.368)
Oxygen $0.000
MON $0.000
RON $0.000
RAVP: Max ($7.288)
t Lt Olefins $0.000
$0.000
ETOH Prod. (5114.490)
MTBE $18.261
_ TAME $59.616
TAEE $56.192
ETBE =¥ 2l
Alcylate £23.815

l No ETOH Subeidy in Piace High Opt-in Case
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PADD 3

He22

43,076

43,076

TAME

2014

2614

TAEE

§50.67

33,204

Xylmne Crap

$50.99 $1a82 $2029 $24.07

0 100 0 0
40,383 25,000 7.500 119,845
40,383 100 -] 111,800

PADD il Summer Gaseline: 190968 - Complax Optlen

Naphtras
%
Cxypenate:
11%
FCCN
25%
Tol/Xy
0%
Reformate
25%

Compiax Opton
530,800 Lower Baund Tota!
2,731,106 Uppst Bound Total
Mogas Volurme
1.278.269
High Opt-in Case




Wintertime Gasoline
NO ETHANOL SUBSIDY




Wintertime Gasoline
WITH AND WITHOUT ETHANOL SUBSIDY

PADD I

° 1995: Simple Option

. 1998: Complex Option

Component (barrels per day)
Winter Simple Option Winter Complex Option
' No No

Subsidy Subsidy Subsidy Subsidy
Ethanol 20,348 500 37,508 42,401
ETBE 0 0 35,000 20,133
TAEE 0 0 0 0
MTBE 40,000 40,000 30,000 40,000
TAME 0 0 10,000 10,000
All Oxygenates 60,348 40,500 112,508 112,534
Gasoline 2,362,187 2,362,187 2,433,585 2,433,585




PADD 2
Simulstion Reaults Summary
P Hagvy wrE
Varisbies Aolomaase  Retomats Relermay P8 FOON
Price
('] 1 1 A4 W74 9008
Lwsr Sound 75,000 84,000 75,000 100,000
Wpper Bond 175,000 176000 170000 128.00C
Cpacaron Funciion § 7O01E«07  » onlly ot of epply
Vavintle Ve (Bk]) 1m,114 50,000 MO0 176000
Emanc sbady = 2064
Mhding Valuss Barasne  AovEos Caafine Cmyphnt
0.00% 250% 1% 124%
Major Componanti FOON Touxy Radcrnate
A28 7500 338,114
255% 176 029w 14.29%
Average Cont (b
2058
Avarage oot (W/581)
20.71
Snhadow Prices
Gascline ) f K -]
ACON $0.000
Redormay
Onating §0.000
Onygen 3‘%%’
MON £0.000
RON $0.535
AVP: Max (60.035)
Lt Qiahng 00
Banzene §0,000
ETOA Preat $0.000
MTBE
TAMVE $a.000
TAEE $0.000
ETBE $0.000
Alvylale 50,000

W $imgia Ogtion

Wor PECN ponl!

Wo000 G000
296000 8000

141088  08.V3
nw

106

e Ay
76,000 233000
s T )

8R Naphwa 1G-1 a2
[ Y ] | 2% L --X ]
5.000 ] [ -]

A28 HO0 713800

22.087

08,57
417%

Axy-Paly

a0a.coc
25008

225.000




a——

PADD 2
ETOM MTRE
SH62 088
800 ]
Y] 40000




PADD 2

Simulstion Reaults Summary

Futt Hasvy
Varisbles Reformate  Reformate
Price
{50 ;a2 £34.34
Lowst Bound 78,000 80,000
Upper Bound 175,000 173,000
Otjective Function § 7.000E+07
Varisble Vaiuss (bif) 175.000 $0,000
Etharsi subsidy = $0.00
Mixing Values Benzens Arcmaticn
1.00% 25.70%
Major Components Oxygermtes FCON
40,500 800,134
1.71% 18.05%
Avarage Cost ($/bbi)
$30.
Average coxt (S/gal)
$0.
Shadow Prices
Gasoline £31.186
FCEN $0.000
Reformate $0.000 -
Oefirs $0.000
Aromatics $0.000
Oxygen £0.000
MON $0.000
RAON $0.556
RVP: Max (50.424)
Lt Olefins $0.000
Benzene $0.286
=TOH Prod $0.000
VTBE $0.000
TAME $0 445
TAEE £0.000
ZTBE $0.000
Alicytate $0.000

LTE
Relomas W FOON
5.7 £0.08
75,000 100,000
175,000 175,000
= gaily cont of supply
173,000 175,000
Ciafirs Owxygen
10.50% 0.98%
Telxy Relormale
T7.500 400,000
0.32% 1689%

Light FCON

$00.000
225,000

129
AW
9.62

75,000
3.90%

Fbavy
FCOCN

90,185

;S
35

SR Naphtra 1G-1 KG-2
2400 145 £0.88
5,000 0 [} ’
540,783 425,000 712.800
5200 425,000 712,500
rparte Naphthas

1.137.500 101,780

48.15% 431%

No ETOH Supmay

Alxy-Poly

£30.80
60,000

201,773




PADD 2

ETOH MTBE
$58.00 $IRI6
800 0

ze1e 40,000
500 40,000

TAME
£30.85

0
10,000

TAEE ETBE N-butans

0
27.800 75,000

Tokmrw/  eomerats &

Xyens  Crep
018 §£24.07

) ) 520,500
750  esm _ 3302.57%
7800  €.500 2.362.187

PADD [l Winter Gaseline: 1998 - Simple Option

N ETOH Submdy

Lowsr Bound Total
Lppeed Bourst Tow

Faforwats




PADD 2 Viiapr
Simulstion Results Summary
Fult Haavy e
x;ﬂlblll Relomale Relomate Relomas FUlFCON  Light FCON
(ki) 0122 524.34 N7 $30.08 0.5
Lowsr Bound 75.000 80,000 75.000 “100.000 100.000
Uppr Beund . Trse000 175,000 175.000 175,000 225,000
Objective Furstion § 7.518E+07 = daily comt of supply
Varisbie Vaksas (tif) 151,708 $0,000 175000 100,000 100,000
Ethanol samidy « $054
Mixing Valuss Benzers  Aramatics  Olslire Carygen Aw
1.00% 25.70% AT 1.060% 10.50
Mujor Components Ouygerates FOCON Tel/xy Refomate  Butarm
112.508 A7 470 5.2 376.706 75,000
4.82% 15.02% oNn% 15.40% 4.080%
Avarage Cost ($/0bi)
.89
Averaga cout ($/gml)
$0.74
Shadow Prices
($/b)
Sawoline £33.004
ZCON £0.000
Astormate $0.000
lafing $0.000
Aromatics ($1.536)
Jxygen $111.856
VION $0.000
ION $0.295
IVP: Max {$0.115)
12 Olofire $0.000
Jenzens (381.549)
ZTOH Prod 52 435
ATBE $1997
"AME 514572
TAEE $6.677
TBE $13.721
\ikylate $0.000

High ETBE Optian

Heavy
FCCN

107,470

SR Naphtma K3-1 1G-2
M0 2R2A5 L ~3p-4]
5,000 [3) 0
5076 425000 712500
185 44 425,000 710,084
mports Naphthas

1,135,084 161,014

48.64% 6. 85%

ETOH Sunsioy

Aky-Paly

.44




|

PADD 2

7,900

30,000

TAME

0
10.000

10.000

Whriter ETOH Sutmay

m‘l‘m varete &

sus2

75,000

Xywarg Crap

0.0 24530

0 (1] 820 500 Lowsr Boursd Teea!

7.8500 6.500 ) A Tn Upper Bound Tetal
Voame

821 &.500 243,585




PADD 2

Simuilation Resuits Summary

Full
Variables Refomate
Prce
{&/bi) 2
Lower Bourd 75,000
Upper Bound 175,000
Obrective Fundii
Varigble Valuse (BAf) 175,000 80,000
Elhwnol subsidy $0.00
Mixing Values

1.00%
Major Components Oxyperaiss FCON

4.62%
Aversge Cost (S/bbi)

$31.24
Average cost (Sigal)
$0.74
Shadow Prices
! (S/mb)

Sancline 32697
FCCN $0.000
Seformate $0.000
Dlafing £0.000
Aromatics ($1.536)
xygen $72.592
JON $0.000
0N $0.316
IVP: Max ($0.048)
1 Olehns $0.000
Jenzene ($90.782)
ITOH Pred $1.613
ATBE $13.69%
‘AME $8.739
‘AEE $0.000
TBE $0.000
Heylate $0.000

112.534 457,548

"LITE"

Aetormate Full FOON
0.7 30 .03
75.000 140,000
175,000 175,000

= dnily comt of supply
175,000 175.000
Olofre Oxygen
10.05%, 1.60%
Tel/xy Retcrmate
3191 400,000
0.1¥% 18.44%

Light FCON

100.000

14445

RW
10.50

75.000
2.00%

Heavy
FCON

@35,000

s 102

SR Naphana IG-1
.00 285
5,000 0
840760 425000

150 654 425,000

moore Naphthas

1.020,140 185,184
41.92% 6.79%

IG-2
B4}

0
712500

595,149

No ETOH Submay

Aliry-Poly

31 44

50,000
200,000



PADD 2

ETOH MTBE TAME

800 0
42,401 40,000 10.000

42 401 40,000 10,000

=197

20,000

0,11

$1a82
75.000

75,000

Towens'  ipomerate &

Xytone Crap
53018 2530
-] 4]
7.500 0,500
amn 85030

No ETOH Subsagy

520.500 Lowsr Bourd! Tetal
A.298,064 Upper Bourd Tezal

Mogas Vokame
243,585

PADD Il Winter Geseline: 1088 - Complex Optien

Telrny
oz

Wniarmeis
m




APPENDIX E:

Shadow Price Tables for all REFORMGAS Model runs
(Base Case, Simple Option, Complex Option, California Standards, and Winter Opt-in)



Introduction

Although the primary focus of this study has dealt with the impacts of various scenarios
and assumptions on the demand for ethanol and ethanol-based ethers, some concerns have been
placed on the shadow prices, or the marginal costs of adding or extracting one barrel of a
particular component from the gasoline pool. This concern has been addressed in the main text
and specific REFORMGAS Model outputs pertaining to shadow prices have been presented.
This appendix serves to consolidate all shadow price outputs from all model runs in a much less
tedious manner than viewing the actual model output documentation (which is provided in
previous sections of the Appendix).

This appendix presents several tables (Tables E.1 - E.4) which consolidate the shadow
prices for all REFORMGAS Model runs conducted for this report. Additionally, Tables E.1 and
E.2 include information on increases and/or decreases, on a percentage basis, of each scenario
based on the existence of an ethanol subsidy as compared to its counterpart scenario excluding
the ethanol subsidy. Specifically, Tables E.1 and E.2 present the shadow prices for the primary
components; gasoline, olefins, aromatics, ethanol, ETBE, TAEE, TAME, and MTBE for the
varying ethanol subsidy assumption -- with and without (w/0). The last "sub-Table" presents a
direct comparison of the two complex option scenarios under the varying ethanol subsidy
assumption. It is important to note that in Table E.2 (PADD III data) no Winter Opt-in data are
available since no such model runs were executed. Again, this is a result of no severe CO non-
attainment areas existing in the region and therefore, there is no reason for a winter fuels
program to be initiated.

Tables E.3 and E.4 illustrate the shadow prices for the eight components in the presence
of a free-market (no ethanol subsidy). These two tables are the counterparts to Tables 4.5 and
4.6 which demonstrate the shadow prices under subsidized market conditions.



?a—ale E.1: Shadow Prices; PADD Il
Shadow Prices of Gasoline, Ethers, and Oxygenates: PADD Il jw/o Ethanol Subsidy}

[- % Increase or Decrease From W/ to W/O Scenmrio -]

COMPONENT Summer Summer Summer Summer Winter Summer Summer Summer Summer Winter
Base Simple Complex CA Opt-in; Base Simple Complex CA Opt-in;
Qasolinelw/o)j $59.79 $17.66 459,01 $464.03 $32.70
Qasolinej $35.54 $40.44 $41.34 $0.00 $33.00 -68.23% 228.99% -42.74% 0.00% 100.92%
Olefinsiw/ol $0.00 $12.31 $0.00 $45.99 $0.00
Otefine] 3$0.00 47.60 40.42 $7.90 $0.00 0.00% -61.97% 0.00% -482.15% 0.00%
Arometicelwio)} $0.00 43341 $11,92 441.78 $1.54
Aromatics|] 45,33 49,20 $0.00 $39.37 $41.54 0.00% -263.15% 0.00% -86.05% 100.00%
Ethanollwio)] (446.24) ($43.98) $0.00 $0.00 $1.61 i
Ethanol} $0.00 (41.18) $0.00 $0.00 $32.494 0.00% 2.68% 0.00% 0.00% 2014.91%
ETBE(w/olj $35.40 432.77 43.15 426.73 40.00
ETBE} $0.00 46.83 $2.12 $4.61 $13.72 0.00% -379.80% -48 58% -479.83% 0.00%
TAEE(w/e]] %31.79 $29.94 $7.12 $14.19 40.00
TAEE 40.00. 40.66 $0.00 $0.00 46.68 0.00% -4438.36% 0.00% 0.00% 0.00%
TAMEiw/o}j $22.81 $420.55 $16.71¢ 431.45 48.74
TAME| 40.28 $7.45 $4.21 $4.98 41457 -8673.08% -175.84% -298.91% -531.53% 180.70%
MTBE(wiol| $20.84 $18.70 411.14 $31.90 $13.70 .
MTBE! 31.81 49,38 $4.55 $6.82 $19.97 -1051,38% -99.79% -144.84% -367.74% 145.77%

Shadow Prices of Gasoline, Ethers, and Oxygonn‘loc: PADD il

(wio Ethenol Subsidy) {wiEthanol Subsidy}
COMPONENT Summer Summoer Summer Summer Winter Summer Summer Summer Summer Winter
Base Simple Complex CA Opt-in; Base Simpls Complex CA Opt-in;
Gasoline} $59.79 417.66 $59,01 $64.03 $32.70 435,54 940,44 841.34 $0.00 $33.00
Olefine}f 40.00 412,01 40.00 $45.99 $G.00 40.00 47.60 840,42 $7.80 90.00
‘Aromstice} $0.00 433.41 $11.92 941,75 $1.54 45.33 49.20 40.00 $39.37 $1.54
Ethanol{ (448.24) (443,98} $0.00 $0.00 $1.61 40.00 (41.18) 40.00 $0.00 $32.44
ETBE;{ 435.40 $32.77 $3.15 $26.73 $0.00 $0.00 46.83 82.12 $4.61 $13.72
TAEE; $31.79 429.94 47.12 41419 40.00 $0.00 $0.88 $0.00 $0.00 46.88
TAME} ¢&22.81 420.55 $16.71 $31.45 48.74 40.28 $7.45 $4.21 44,98 . 814,57
MTBE} #420.84 $18.70 $11.14 431.80 $13.70 $1.81 49.38 $4.55 $6.82 $19.97
Shadow Prices of Gssoline, Ethers, and Oxygenates; PADD I {for the Complsx Option}
Complex Complex
ICOMPONENT {wio subs} {wisubs}
Gueoline} $59.01 $41.34
Olefine $0.00 $0.42
Aromatics| $11,92 $0.00
Ethanol $0.00 $0.00
ETBE $3.15 $2.12
TAEE $7.12 40.00
TAME} $18.71 44.21
MTBE} 611.14 $4.55




Tabie E.2: Shadow Prices; PADD Il
Shadow Prices of Qasoline, Ethers, and Oxygenates; PADD il iwlo Ethanol Subsidy)

{- % Increass or Dacrsase From W/ to W/O Scenarlo -]

COMPONENT Summer Summer Summer Summer Winter Summer Summer Summer Summer Winter
. Base Simple Complex CA Opt-in; Base Simple Complex CA Optin;
Gasolineiw/o) 459.79 $53.48 $114.25 $62.73 NiA )
Gasoline $45.01 $81.27 $267.83 N/A 0.00% -18.82% -40.58% 428.96%
Olsfinsiw/o} $0.00 $40.00 $0.00 $0.00 N{A
Olefine 40.00 $0.00 427.78 N/A 0.00% 0.00% 0.00% - 0.00%
Aromaticslwio) $0.00 $25.37 $108.37 440.19 NiA
Aromatice 412,87 460.04 4301.31 N/A 0.00% -97.13% -118.57% 749.71%
Ethanoliw/o) 40.00 $0.00 i$114.49) (483,59 NiA
Ethenol $0.00 ($38.60) (430,99} . NIA 0.00% 0.00% 31.97% 48.73%
ETBE{w/o} 44.35 $0.00 433.71 40.00 NiA
ETBE 40.32 $24.22 $145.26 N/A 0.00% 0.00% -39.18% 0.00%
TAEE(w/o) $8.01 $2.19 456.19 40.00 N/A
TAEE $0.61 $434.45 $203.96 N/A 0.00% -259.02% -63.11% 0.00%
TAME(w/o) $17.70 $12,37 459.62 $17.00 NiA
TAME $4.20 434,73 $188.08 N/A 0.00% -194.52% -71.67% 1108.35%
MTBEiw/o} 412.74 $10.26 $18.28 $1.47 N/A
MTBE $2.95 $14.27 473.90 N/A 0.00% -247.80% -27.96% 5027.21%
Shadow Prices of Gascline, Ethers, and Oxyzonﬂn; PADD (il
{wio Ethanol Subsidy} {wiEthanol Subsidy)
COMPONENT Summer Summer Summer Summer Winter Summer Summer Summer Summer Winter
Base Simple Complex CA Opt-in; Base Simple Complex CA . Opt-in;
Gasoline 459.79 $53.48 4114.25 $62.73 NiA 445,01 $81.27 267,83 N/A
Otefine $0.00 $0.00 40.00 40.00 N/A 40.00 $0.00 427.78 NiA
Aromatics 40.00 425.37 $108.37 $40.19 N/A $12.87 450.04 $301.31 N/A
Ethanol 40.00 40.00 ($114.49) (463.59) N/A $0.00 (436.80) (¢30.99) N/A
ETBE $4.35 $0.00 433.71 40.00 NIA $40.32 $24.22 $145.28 NIA
TAEE 48.01 $2.19 $56.19 $0.00 N/A $0.681 434,45 $203.98 N/A
TAME $17.70 $12.37 459.62 417.00 NfA 44.20 43473 4188.08 NfA
MTBE $12.74 $10.28 418.26 $1.47 N/A 42.95 314,27 $73.90 N/A

Shadow Prices of Gasoline, Ethers,

snd Oxygenates;

Complex Complex

MPONENT (wio subs) {w/eubs)
Gasoline} 9114.25 481.27
Olefine $0.00 $0.00
Aromatice} $108.37 $50.04

Ethanol{ (4114.49} (436.80)
ETBE} $33.7t $24.22
TAEE} 4$56.19 434.45
TAME] 459.82 434.73
MTBE] $18.28 $414.27

PADD I {for the Complex Optlon)




Component Shadow Price ($/bbl)
Winter
Summer Summer Summer Opt-in;
Base Simple Complex Summer |Complex
Case Option Option CA Option
Standards
Gasoline $59.79 $17.66 $59.01 $64.03 $32.70
Olefins $0.00 $12.31 $0.00 $45.99 $0.00
Aromatics $0.00 $33.41 $11.92 $41.75 $1.54
ETOH ($46.24) (343.98) $0.00 $0.00 $1.61
ETBE $35.40 $32.77 $3.15 $26.73 $0.00
TAEE $31.79 $29.94 $7.12 $14.19 $0.00
TAME $22.81 $20.55 $16.71 $31.45 $8.74
MTBE $20.84 $18.70 $11.14 $31.90 $13.70

Table E.4: ‘Shadow ‘Prices of Gasoline, Ethers,-and: Oxygenatm

{Without Ethanol Subsidy):

Component Shadow Price ($/bbl)
Winter
Summer Summer Summer ] Opt-in;
Base Simple Complex Summer |Complex
Case Option Option CA Option
Standards
Gasoline $59.79 $53.48 $114.25 $62.73 N/A
Olefins $0.00 $0.00 $0.00 $0.00 N/A
Aromatics $0.00 $25.37 $108.37 $40.19 N/A
ETOH $0.00 $0.00 ($114.49) ($63.59) N/A
ETBE $4.35 $0.00 $33.71 $0.00 N/A
TAEE $8.01 $2.19 $56.19 $0.00 N/A
TAME $17.70 $12.37 $59.62 $17.00 N/A
MTBE $12.74 $10.26 $18.26 $1.47 N/A

N/A Winter (Complex Option) Opt-in Scenario not relative to PADD III region since no CO non-
attainment areas exist in the region.
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